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FIELD Energy Science
BRANCH/PROFESSION
MODULE NAME USE OF SCADA WITH ARTIFICIAL INTELLIGENCE
MODULE
DESCRIPTION The module provides a general knowledge of Artificial

Intelligence and SCADA in power generation systems and
explains the installation, maintenance and repair of these

systems.
DURATION 40/32
PRECONDITION There is no prerequisite for this module.

Introduces the basic concepts and facts related to the subject.
COMPETENCY
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General Purpose
'This module on the installation and repair of Artificial Intelligence (Al)

assisted solar energy systems and energy storage systems aims to
provide participants with knowledge and skills in innovative energy

MODUL E solutions
ARAOSE Objectives
1. USE OF SCADA WITH ARTIFICIAL INTELLIGENCE
1.1.Definition and Working Principles of SCADA Systems
1.2. SCADA and Artificial Intelligence Integration
1.3 Artificial Intelligence Algorithms Used in SCADA
1.4 Technologies for SCADA-Artificial Intelligence Integration
1.5 System Optimisation with SCADA and Al
1.6 The Future of SCADA: 10T, Big Data and Al Integration
1.7 Advantages and Challenges
1.8 Real World Applications
Environment: Renewable energy
MEASUREMENT technologies field, renewable energy systems
AND workshop
EVALUATION
Equipment: Basic electrical knowledge,
basic electronic knowledge
At the end of the module, the teacher will evaluate the
knowledge and skills acquired in the module applications by
using an assessment tool (multiple choice test, true/false test,
MEASUREMENT gap filling, matching etc.)
AND
EVALUATION
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INTRODUCTION

Dear Students
To combat climate change, reduce greenhouse gas emissions and pollution,
and ensure a sustainable future for our planet, more and more renewable

power generation plant is installed, we are now on the threshold of a Green
Energy revolution. It's the people

and offers great opportunities for companies and you need to understand what
Green Energy is and

It is very important that you gain knowledge, skills and abilities related to the
production and related operations.

Itis very important to be familiar with the basic concepts and definitions
of the energy science discipline.

In this module, you will learn how to integrate artificial intelligence technologies
in solar energy systems.

The technical information required for the uninterrupted utilisation of solar
energy will be discussed in detail, how these technologies contribute to system installation
and maintenance processes, and which strategies are used to increase energy efficiency.

In addition, focusing on energy storage solutions, technical information

required for the uninterrupted use of solar energy will be presented.
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LEARNING ACTIVITY -1

(" PurPOSE )

This module on the installation and repair of Artificial Intelligence (Al) assisted solar energy
systems and energy storage systems aims to provide participants with knowledge and skills in
innovative energy solutions.

CRESEARCH )

» The Use of SCADA with Artificial Intelligence

» Definition and Working Principles of SCADA Systems
>

>

SCADA and Artificial Intelligence Integration
Artificial Intelligence Algorithms Used in SCADAD:Ifficulties Encountered

in Monitoring Projects

1 USE OF SCADAWITH ARTIFICIAL INTELLIGENCE

SCADA (Supervisory Control and Data Acquisition) systems play a critical role in large-scale
energy management such as solar power systems. Traditional SCADA systems allow data
from sensors to be transmitted to a central control station to optimise energy generation and
distribution. Artificial intelligence (Al) integration enables SCADA systems to operate more

intelligently, autonomously and efficiently.

1.1 Definition and Working Principles of SCADA Systems
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SCADA (Supervisory Control and Data Acquisition) is a system used for remote monitoring,
control and management of industrial processes. It is generally used in a wide range of
processes such as power generation and distribution, water resources management, transport
and production lines. SCADA collects data from the field and transmits it to a central control
station and supports decision-making processes through this data.
The basic components of the system are:

» RTU (Remote Terminal Units): Collects data and transmits control signals.

» PLC (Programmable Logic Controllers): Provides local control and data processing.

» HMI (Human-Machine Interface): Allows operators to interact with the system

1.1.1 RTU (Remote Terminal Units)
RTU (Remote Terminal Unit) is an electronic device used to collect data from field devices,
process this data and transmit it to a centralised SCADA (Supervisory Control and Data
Acquisition) system. It is often used in applications such as industrial processes, power
generation and distribution, water and gas management.

Main Tasks of RTU

Data Collection: The RTU collects physical data from field devices (sensors, transducers).
For example, measurements such as pressure, temperature, flow and energy consumption.
Data Processing: The collected data is processed and digitised locally by the RTU.
Communication: Processed data is transmitted to the SCADA system via wired (Ethernet) or
wireless (GPRS, LTE) communication protocols.

Local Control: The RTU can perform control functions at local level without the need for a
centralised system. For example, operations such as switching a pump on and off.
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https://sayachizmet.com/blog/scada-sistemi-nedir/
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Working Principle of RTU

Input and Output (1/0) Modules

Analogue Inputs: Processes continuous data received from field devices (e.g. temperature).
Digital Inputs: Processes status information such as on/off.

Analogue/Digital Outputs: Transmit control commands to field devices.

Local Processor: Processes data, runs algorithms, and provides local control as needed.
Communication Interface: Supports protocols that allow data to be transmitted to the
SCADA system (e.g. Modbus, DNP3, IEC 60870-5).

Power Supply: Since RTUs usually operate autonomously in the field, they can be battery
powered to avoid being affected by power failures.

RTU ile PLC Arasindaki Farklar

Feature RTU PLC

Objective Data collection and Local control and automation
transmission

Adaptation to More resistant to harsh Generally suitable for

Environmental environments controlled environments

Conditions

Connection Properties Enhanced communication More limited communication
skills protocol options

Control Features Basic control operations Manages complex control

processes
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https://www.realpars.com/blog/rtu
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Advantages of RTU (https://www.realpars.com/blog/rtu

Advantages of RTU

Remote Monitoring and Control: Provides data collection and equipment control from
the field.

» Durability: It has a design resistant to harsh environmental conditions (temperature,
humidity).

» Energy Efficiency: It has low energy consumption, it can usually work with battery or
renewable energy.

» Wide Application Area: It can be used in sectors such as energy, water, gas and transport.

Application Areas of RTU

Energy Management:

Monitoring energy consumption and production in electricity grids.

Smart grid applications.

Water and Gas Management:

Pressure, flow and leakage measurements of water resources and gas pipelines.
Transport Systems:

Remote control of traffic signalling systems.

Industrial Manufacturing:

Used in factory automation and monitoring of production processes.

Integration of RTU with Artificial Intelligence

Modern RTUs are designed to support artificial intelligence (Al) algorithms. Thanks to this
integration:
Anomaly Detection: System failures can be detected in advance by analysing real-time data.
Predictive Maintenance: Based on sensor data, the timing of equipment failures can be
predicted.

Energy Optimisation: Energy consumption can be optimised with Al-based analyses.

PLC (Programmable Logic Controllers):

What is a PLC?

PLC (Programmable Logic Controller) is a special computer designed to automate and control
industrial processes. In SCADA systems, PLC collects data from field devices (sensors,
actuators), processes this data and operates according to a specific control logic.
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https://www.otomasyonavm.com/tr/plc-ve-scada-arasindaki-iliski-nedir

The Role of PLC in SCADA Systems
SCADA systems and PLCs work in an integrated manner. PLC is one of the basic components
of SCADA and performs the following tasks:
Data Acquisition:
Continuously monitors and processes data from sensors.
Collects physical data such as temperature, pressure, flow from measuring devices.
Local Control:
Controls the operation of devices (motors, valves) in the field in line with the programmed
logic.
It can take fast decisions independently from the central control system.
Communication:
Communicates with the SCADA centre and transmits process data and alarms.
Protocols such as Modbus, Profibus are generally used for data exchange.
Automation Processes:
Manages a specific process cycle. For example, the automatic operation of a pump system.

PLC Working Principle
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Uygulama
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https://elektrikinfo.com/plc-nasil-calisir/

Input:
Physical signals from the sensors connected to the PLC are received.
These signals can be analogue or digital.

Y V

Processing:
» The input data is processed by the CPU inside the PLC according to a programmed logic.
» Users usually create this logic with programming languages such as Ladder Logic or Structured
Text.

Output:
» According to the processed data, signals are sent to actuators or other control devices.
» For example, a command to open or close a valve can be sent.

Integration of SCADA and PLC

SCADA usually provides surveillance and control of a large system, while PLCs provide low-
level control of this system.

SCADA-PLC integration takes place as follows:Data Collection: PLC transmits the data
collected from the field to the SCADA software.

Real-Time Visualisation: SCADA analyses the data from the PLC and presents it to the
operators in real time on a graphical interface.

Control Commands: Manual commands made via SCADA are implemented by the PLC in
the field. PLC'nin Avantajlar

Speed and Accuracy: PLC processes input-output operations quickly and provides accurate
results.

Programmability: Easily reprogrammable for different processes.

Durability: Designed to operate in harsh environmental conditions (temperature, humidity,
vibration)

Flexibility: Thanks to its wide range of input-output modules, it can work with different

sensors and devices.
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Challenges of PLC in SCADA System

Programming Complexity: Programming for complex processes can be difficult and time
consuming.

Advanced Algorithm Usage: PLC systems may need to be developed to support artificial
intelligence applications in SCADA.

Cost: The cost of PLC modules may increase in large systems.

Areas where PLC is used

Energy Management: Controls energy flow in electricity generation and distribution
systems.

Water and Waste Water Management: Automation of pumping stations and water
treatment plants.

Petrochemical and Gas Industry: Controlling gas flow and pressure.

Production Automation: Control of production lines in factories

Integration of SCADA and PLC with Artificial Intelligence

Control Center w— Power Line w—_Data Line (Serial)
= Data Line (Ethernet) ~— Data Line (VGA)
«+« Data Line (Wireless) === Data Line (IO Signal)

Managed  Multiple 1O i) 1
: Ethemet lloT Gateway g ©: é
Shisag Switch UC-5100 with ThingsPro A

Solar Field 2

7-inch HMI Panel PC
MPC
o i 1 o
o AEEE AEES  AEEE AR
AR SAERYN SAEEN AN

String Inverter PV Panels

Managed Ethernet  Wireless lloT
Switcl Gateway

EDS-S10E UC-8100 T 1 ‘]. . 1
- PoE €
Remote /O . N
ioLogik E1200 Temperature Sensor LUX Meter Humidity Sensor Solar Field 1

In modern SCADA systems, PLCs supported by artificial intelligence provide the following
advantages:

Predictive Maintenance: PLC can predict equipment failures by analysing sensor data.
Optimisation: Al algorithms can optimise energy consumption and process efficiency.
Anomaly Detection: PLC can detect deviations from normal and send alarms to SCADA.
Petrochemical and Gas Industry: Controlling gas flow and pressure.

Production Automation: Control of production lines in factories Integration of SCADA and
PLC with Artificial Intelligence
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1.1.3 HMI (Human-Machine Interface)

a @_n =

What is HMI?

HMI (Human-Machine Interface) is an interface that provides interaction between an operator
and a machine or system. HMI is generally used in industrial automation processes to control
and monitor machines on the production line. It allows the user to visualise data, communicate
with machines and monitor processes.

HMI Components

The basic components of the HMI system are as follows:

1. Hardware: Touch screen, computer, control panel or monitor.

2. Software: HMI software is designed to visualise process data and transmit commands from
the user to the system.

3. Communication Interface: It provides the connection with PLC, SCADA or other control
systems. This communication is usually done with protocols such as Ethernet, RS-232/485,
Modbus.

Tasks of HMI

Data Visualisation: Data from sensors, PLC or SCADA system are displayed as graphs, tables or
text on the operator screen.

Example: Data such as temperature, pressure, motor status.

System Control: The user can command machines through the HMI screen (for example,
start/stop a motor).

Alarm Management: Notifies the user of system problems visually or audibly. For example, it
warns if a certain parameter exceeds the limit value.

Reporting: Can generate reports to analyse system data. This is important for the improvement of
production processes.

HMI Usage Areas
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Industrial Automation:
» Control and monitoring of production lines.
» Example: Packaging machines, robotic arms.

Energy Management:
» Monitoring of the electricity grid and renewable energy sources.

Transport:
» Operational control of metro, train or airport systems.

Building Automation:
» Management of lighting, air conditioning and security systems.

HMI Types

Local HMI:
» HMI devices that are directly connected to a machine or a group of machines.
» Example: Touch screen control panels.

Distributed HMI:
» HMIs that are controlled via a centralised system such as SCADA.
» Communicates over a network.

Mobile HMI:
» Interfaces accessed via tablet, phone or laptop.

HMI Software
HMI software are tools that perform data visualisation and control functions. Among th
popular software are the following:

» Siemens WinCC

» Rockwell Automation FactoryTalk

» Wonderware InTouch

» Ignition by Inductive Automation

HMI Advantages
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User Friendly Interface: Provides simple visualisation of complex processes.
Real Time Data Monitoring: Enables operators to make quick decisions.
Alarm and Warning Systems: Detects problems early.
Remote Access: Modern HMI systems provide access over the internet.
Integration of HMI with Artificial Intelligence
HMI systems can be made smarter with artificial intelligence algorithms.
Predictive Maintenance: Predicting equipment failures in advance.
Data Analytics: Providing recommendations to operators by analysing large data sets.

Personalised Interfaces: Screens that can be customised according to the user's preferences.

What is a Human-Machine Interface?

1970s| 1980 | 1990 2000s| 2010s & beyond

System Graphical +  Gesture-based
hardware user Touch screens +  Virtual Assistants
controls interfaces + Virtual Reality

0015 Dl Zar | A8 Pighs Fismaruaet.

Future Trends
» Industry 4.0: More integrated HMI systems with 10T devices.

» Augmented Reality (AR): Enabling operators to control equipment more effectively in the
field.

» Voice Commands and Artificial Intelligence: Making HMIs more user-friendly.

1.2 SCADA and Artificial Intelligence Integration
The integration of SCADA (Supervisory Control and Data Acquisition) systems with artificial
intelligence (Al) enables industrial automation and control processes to become more efficient,
intelligent and predictable. Combining Al with SCADA offers great advantages, especially in
forecasting and optimisation.

\é

,\i “”z,,

= EFCC - P UCILISTE
=) =) UF FINIS

"Nr 5\“

won
.“‘ '(,
"voo \"


https://www.markivis.com/how-advancements-in-hmi-are-changing-the-world/

1.2.1 Prediction and Optimisation

Forecasting

Forecasting is the use of artificial intelligence algorithms to predict future events or trends
from data collected by SCADA systems. In this process, methods such as machine learning
and deep learning are often preferred.

Predictive Maintenance: In SCADA systems, Al algorithms can predict equipment failures
by analysing data from sensors. This reduces unplanned downtime and increases system
reliability.

Example: Analysing the vibration data of a pump to determine the probability of motor failure.

Demand Forecasting: Inthe energy sector, energy production can be optimised by forecasting
demand changes with SCADA data.
Example: Forecasting the change in electricity demand according to the time of day.

Optimisation
Optimisation is the use of Al algorithms to improve the performance of SCADA systems and
maximise efficiency in terms of energy, time or cost.

Process Optimisation: Determining the best parameters for controlling system processes.
Example: Increasing production efficiency by controlling temperature and pressure in a
chemical reaction process.

Energy Management: Optimising the production and storage processes of renewable energy
sources.
Example: Continuously optimising solar panel angles in solar energy production.

Artificial Intelligence Techniques:

1. Machine Learning (ML):

Identifies trends in the system by analysing SCADA data and makes predictions.

Example Algorithms: Decision trees, support vector machines, k-nearest neighbour (KNN)

2. Deep Learning (DL):

Can perform complex analyses on large data sets.

Example Usage: With image processing, the status of the equipment in the system can be
analysed.

3. Natural Language Processing (NLP):

It enables operators to communicate with text-based commands on the HMI interface.

4. Evolutionary Algorithms:

Methods such as genetic algorithms are used to optimise processes.

Example: Finding the optimum energy consumption level in large-scale industrial systems.

1.2.2 Anomaly Detection

Anomaly detection is an artificial intelligence (Al) application used in SCADA systems to
identify deviations from the normal behaviour of the system. This increases the reliability of
the system by detecting security vulnerabilities, equipment failures or performance problems
in advance.
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Importance of Anomaly Detection

SCADA systems collect and process large amounts of data. Recognising
deviations(anomalies) from the normal operating conditions of the system within this data is
critical for the continuity and safety of operations.

Operational Efficiency: Possible errors can be detected in advance and maintenance
processes can be planned.

Security: Threats such as cyber attacks or data manipulation can be identified early.

Cost Reduction: High-cost interruptions caused by failures can be prevented with early
intervention.

Anomaly Detection Methods

1. Statistical Methods:

Identifies deviations by modelling normal data behaviour.
Example: Mean and standard deviation analysis.

2. Machine Learning Methods:

Supervised Learning: Creates a model using labelled data from normal and abnormal
situations.

Example Algorithm: Decision Trees, Support Vector Machines (SVM).

Unsupervised Learning: It learns only from normal situations and defines abnormal
situations as data that do not fit this model.
Example Algorithm: K-Means Clustering, Autoencoders.

3. Deep Learning Methods:
Makes more complex and detailed anomaly detection in large data sets.
Example: LSTM (Long Short-Term Memory) networks, Time Series Analysis.

4. Rule Based Systems:
Works based on predefined threshold values.
Example: Detection of certain limit exceedances in metrics such as pressure or temperature.

Anomaly Detection Process

1. Data Collection: Real-time data is received from the SCADA system via sensors.

2. Data Preprocessing: Missing data is filled, noises are removed and data is normalised.

3. Model Training: Al algorithms are trained to learn normal behaviours.

4. Anomaly Detection: SCADA data is analysed and anomalies are flagged.

5. Alarm and Reporting: Operators are informed or automatic actions are initiated for
identified anomalies.

Application Examples

Energy Management: Identification of spikes or losses in energy consumption.
Water Treatment Systems: Detection of irregularities in chemical levels.

Smart Grids: Detection of data manipulations in the network during cyber attacks.

Advantages of Artificial Intelligence Techniques

Speed: Real-time detection and response.

Accuracy: Reliable results with fewer false alarms.

Adaptability: Customisable models for different SCADA applications.

""‘ "“"'lv

UCILISTE

25 Ercc

, o
2 &
“Anrep 0¥

H

{WMOop t‘.
'Svao \\“



1.2.3

Y V VY

VVIHPVVWYVNYYE

M=

>
>
>

Decision Support Systems

Decision Support Systems (DSS) are Al-driven tools integrated into SCADA systems to
provide operators with fast, effective, and informed decision-making capabilities. These
systems analyze data collected by SCADA, identify trends, and offer recommendations.

Definition of Decision Support Systems

Decision Support Systems process complex datasets to provide solutions for specific problems
or situations. With SCADA and Al integration, DSS can:

Optimize operational processes.

Assess risks and propose preventive actions.

Minimize human error.

Role of DSS in SCADA Systems

DSS is utilized to process the vast amount of data gathered from SCADA systems,
transforming it into actionable insights for strategic decision-making. Key applications
include:

Process Optimization: Improves efficiency by optimizing production processes.

Fault Management: Detects potential equipment failures and provides maintenance
recommendations.

Energy Management: Analyzes energy consumption trends to develop cost-reduction
strategies.

Emergency Response: Offers actionable insights for quick responses to critical situations.

Al Techniques in Decision Support Systems

Machine Learning (ML):

Learns from historical data to make event-based predictions.

Example: Predicting potential equipment failures using forecasting algorithms.
Data Mining:

Extracts meaningful patterns and trends from SCADA data.

Example: Identifying anomalies in energy consumption.

Natural Language Processing (NLP):

Enables operators to interact with the system using natural language.

Example: A DSS module responding to written operator queries.
Optimization Algorithms:

Proposes optimal solutions to improve processes.

Example: Optimizing plans for energy generation and distribution to reduce costs.

Workflow of Decision Support Systems

Data Collection: Real-time data is gathered from SCADA sensors and devices.

Analysis and Modeling: Data is analyzed using Al algorithms, and models are built.
Generation of Decision Alternatives: The system produces potential decision scenarios
based on the current context.

Operator Interaction: Recommendations are presented to operators, allowing for human
intervention and final decision-making.

Advantages and Challenges

Advantages

Speed and Efficiency: Facilitates faster, more effective decision-making.
Risk Mitigation: Provides proactive suggestions to prevent adverse outcomes.
Enhanced System Performance: Improves overall operational processes.
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» Simplified Management: Simplifies the handling of complex SCADA systems.
Challenges

» Data Quality: Poor or incomplete data from SCADA can negatively impact
recommendations.

» Integration Complexity: Integrating DSS with existing SCADA infrastructure may be
challenging.

> Operator Trust: Building operator confidence in DSS recommendations requires time.

Real-World Applications
1. Energy Distribution Networks: Proposes strategies for load balancing and minimizing
energy loss.
Water and Waste Management: Determines optimal routes for efficient water distribution.
3. Factories and Industrial Plants: Recommends process improvements to resolve bottlenecks
in production lines.

N

1.2.4 Customized Monitoring
Customized monitoring involves using artificial intelligence (Al) in SCADA systems to
enhance specific monitoring and analysis capabilities for particular processes, devices, or
metrics. Unlike standard SCADA monitoring processes, customized monitoring is tailored to
meet the unique requirements of an industry or facility, working through specialized
parameters and rules.
Definition and Importance of Customized Monitoring
SCADA systems typically provide general monitoring; however, each industry or facility has
distinct needs. Customized monitoring is important for the following reasons:
» Optimization of Performance: Enhances the performance of specific processes and
equipment.
» Targeted Risk Identification: Identifies real-time risks and issues with a focused approach.
> Resource and Energy Efficiency: Provides bespoke solutions for resource utilization and
energy management.
Al plays a critical role by analyzing large datasets rapidly, identifying priority areas, and
automating monitoring activities.
Integration of Customized Monitoring with SCADA
Customized monitoring in SCADA systems is implemented through the following steps:
Data Collection: SCADA gathers real-time data from sensors or devices across the facility.
2. Data Analysis and Filtering: Al algorithms analyze large datasets to identify parameters
relevant to the operation.
3. Threshold Setting and Alarm Management: Specific thresholds and alarms are configured
for targeted processes or devices.
» Example: Monitoring critical parameters like inverter temperature or power output in a solar
energy plant.
4. Proactive Monitoring: Using machine learning, historical data is analyzed to predict future
issues or anomalies.
5. Reporting and Visualization: Custom reports and visual dashboards are generated
according to operational needs.

=

Applications

Energy Sector:
» Optimizing energy production from solar panels.
> Monitoring load balancing and energy losses.
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1.3

1.3.1

Manufacturing Plants:
Identifying inefficiencies in production processes.
Monitoring wear and tear on critical machine components.

Water and Waste Management:
Continuously monitoring flow rate, pressure, and quality parameters of water.
Detecting water losses and leaks promptly.

Advantages

Targeted Performance: Focuses on monitoring essential metrics, reducing unnecessary
data load.

Proactive Response: Identifies potential issues beforehand, lowering maintenance costs.
Increased Efficiency: Optimizes processes based on enterprise-defined priorities.

Challenges

Advanced Algorithm Requirements: Customized monitoring demands more complex Al
algorithms compared to standard SCADA systems.

Implementation Costs: Initial customization can be expensive.

User Training: Operators may need time to understand and effectively use the tailored
systems.

Artificial Intelligence Algorithms Used in SCADA

Acrtificial intelligence (Al) algorithms enhance SCADA systems by providing advanced
analysis, predictive capabilities, and automation. These algorithms leverage real-time and
historical data collected by SCADA to optimize operations, identify anomalies, and support
decision-making processes.

Machine Learning (ML)

Meani.
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Learning Learning

Machine ncon -
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Reinforcement
Learning

https://muzafferkaleli.com/2018/07/07/trend-teknolojiler-machine-learning/

S Eree @ UCILISTE
@ k) WS



https://muzafferkaleli.com/2018/07/07/trend-teknolojiler-machine-learning/

In SCADA systems, machine learning algorithms are used to improve data analysis, predict
and optimize processes.

Machine learning is a branch of artificial intelligence that allows computers to learn from data
and make predictions or decisions. ML algorithms are programmed to find patterns and
relationships in data and make predictions or decisions with this information. These algorithms
"train" themselves based on data to perform a specific task and can improve themselves
without user intervention.

Machine learning is generally divided into three main categories:

1. Supervised Learning

In supervised learning, the algorithm is given a data set with the correct labels. The algorithm
learns to match each data with the correct class or output value and thus undergoes training.
This category is divided into two basic subclasses:

Classification: Allows data samples to be assigned to predetermined classes. For example,
classification algorithms are used to determine whether an email is spam.

Regression: Used to predict a continuous output. For example, regression models are applied
to analyze past home sales data to predict home prices.

2. Unsupervised Learning

Unsupervised learning works with unlabeled data. The algorithm discovers patterns and
relationships in the data on its own. This type of learning is especially used in tasks such as
data exploration and segmentation:

Clustering: The algorithm divides the data into groups with similar characteristics. For
example, clustering methods can be used to perform customer segmentation.

Dimensionality Reduction: It tries to minimize information loss by reducing the size of the
data. This is important for reducing processing costs in large data sets.

3. Reinforcement Learning

Reinforcement learning allows the algorithm to learn from its environment. An agent (artificial
intelligence) makes moves to accomplish a certain task and receives rewards or punishments
for each move. Over time, it learns the strategy that will bring the highest reward. This type of
learning is especially used in robotics, autonomous vehicles, games, and optimization
problems.

1.3.2 Deep Learning (DL)
It is an effective method in time series analysis.

Example Uses: Energy demand forecasts, long-term data trend analysis.

Deep learning is a subfield of machine learning and uses multi-layered artificial neural
networks that learn features from data by imitating the neural networks in the human brain.
These algorithms, which require large data and powerful processors, are especially successful
in complex structured data sets (such as visual, auditory or language data).

Deep learning models consist of "layers™ at different levels. These layers divide the data into
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increasingly more abstract levels, starting from the simplest features, and a new level of
information is learned in each layer. This learning process increases the model's ability to
recognize and interpret objects or patterns.

Deep learning analyzes complex and large data sets and provides advanced predictions and
control in SCADA systems.

Avrtificial Neural Networks (ANN):

A simple artificial neural network consists of several input and output layers. Such neural
networks are used to solve basic classification and regression problems.

Processes large-scale data for process control and prediction.

Example Uses: Output prediction in energy production systems, temperature change analysis.

Convolutional Neural Networks (CNN):

Widely used in visual data analysis. Thanks to convolutional layers, CNNs perform operations
such as object recognition and classification with high accuracy by detecting important
features (such as edges, colors, patterns) in the image.

Used in the analysis of image or video data.

Example Uses: Leak detection in pipelines, visual analysis for facility safety.

Recurrent Neural Networks (RNN):

RNNSs, which work on time-based data, are especially used in sequential data such as text and
audio data. LSTM structures are more successful in learning long-term dependencies by
providing better memory management than classical RNNSs.

Generative Adversarial Networks (GAN):

It consists of two neural networks: Generator and Discriminator. These two networks produce
more realistic data by competing with each other. GANs are used in creative content
development in many areas such as image generation, style transfer and game character
creation.

1.3.3 Artificial Neural Networks (ANN)
Acrtificial Neural Networks (ANN) is a machine learning method that is based on the
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functioning of biological neural networks and has the ability to learn from large data sets. In
SCADA systems, ANN can be used to ensure efficient operation of systems, detect
anomalies, optimize processes and support decision processes..

Input Layer  Hidden Layer 1  Hidden Layer2  Output Layer
784 128 64 10
(relu) (relu) (softmax)

Loss Layer
(cross-entropy)

Basic Components of Artificial Neural Networks
1. Input Layer: Raw data received from the SCADA system (for example, temperature,
pressure, energy consumption) is presented to the model in this layer.

2. Hidden Layers: Data is processed using weights and activation functions in these layers.
Complex relationships between data are learned at this stage.

3. Output Layer: The model's prediction or output is created here (e.g. an equipment failure
risk or energy demand estimate).

4. Weights and Connections: The connections within the network learn the relationships
between the data and determine the model's output

5. Activation Functions: Allows the model to learn non-linear relationships. Example
functions: ReL. U, Sigmoid, Tanh.

ANN Applications on SCADA Systems

1. Forecasting and Projection:

Application: Energy demand estimation, system load balancing.

Example: Forward energy demand estimation can be made using daily electricity
consumption data.

2. Anomaly Detection:
Application: Detection of abnormal conditions (e.g. sensor failures or leaks).
Example: Detection of pressure anomalies from pipeline data.

3. Process Optimization:
Application: Optimizing energy production and distribution processes.
Example: Determination of maximum power point (MPPT) in photovoltaic systems.

4. Customized Monitoring:
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» Application: Providing decision support to SCADA operators.
» Example: Monitoring the health of critical system components and providing early warnings.

Advantages

High Learning Capacity: Can model complex relationships by learning from large data sets.
Adaptability: It can quickly adapt to changing conditions by being trained with new data.
Prediction Accuracy: It offers high accuracy rates in time series data.

Y V VYV

Disadvantages

» Computational Cost: It requires high processing power for many hidden layers and large data
sets.

» Data Requirement: It needs large and clean data sets for the model to work well.

» Black Box Problem: The decision mechanisms within the network are

1.3.4 Fuzzy Logic
Fuzzy logic is a method that goes beyond traditional linear and precise mathematical models
and enables coping with uncertain and fuzzy situations. In SCADA systems, fuzzy logic is
used in decision-making, control and optimization processes in cases where variables cannot
be defined with precise boundaries or are dynamic.
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Fundamentals of Fuzzy Logic

Fuzzy logic, unlike the classical "true" or "false" logic, assumes that an event can be true to a
certain extent. This approach is closer to the human thought system and is especially effective
in cases of uncertain or incomplete data.

» Membership Functions: Values for each input variable are defined with a membership degree
between 0 and 1.
For example, a temperature value can be both "low" and "medium", but with different
membership degrees.

» Rules and Inference Mechanism: Data is processed with rules defined as "If... then...".
Example: "If the temperature is high and the pressure is low, close the valve."

» Defuzzification: Fuzzy results are converted to precise values that can be used in the real
world.

Applications of Fuzzy Logic in SCADA Systems
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1. Process Control:

» Application: Provides adaptation of systems to variable environmental and operational
conditions.

» Example: Generator speed control in a power plant or optimizing the movement of an
industrial robot.

2. Energy Management:

» Application: Decisions are made based on uncertain data to reduce energy consumption or
optimize energy production.

» Example: Determining the most appropriate angle of panels in solar energy systems.

3. Anomaly Detection:
» Application: Detects faults based on uncertain data received from sensors.
» Example: Determining abnormal temperature and pressure conditions in SCADA sensor data.

4. System Optimization:

» Application: Increases efficiency in complex processes where several variables are controlled
simultaneously.

» Example: Balancing production speed and quality in factory lines.

Advantages:

» Effectiveness in Uncertain Environments: Can work in systems that do not require complete
data.

> Flexible Rules: Provides system control with intuitive rules without the need for complex
mathematical models.

» Real-Time Processing: Capable of making fast decisions with dynamic data.

Disadvantages:

» Rule Base Management: As the number of rules increases, the design and management of
the system can become complex.

» Fine Tuning Requirement: Membership functions and rule sets must be designed correctly.

» Performance: May be slow compared to other algorithms for very large data sets and complex
systems.

Sample Application: Solar Energy Systems

Fuzzy logic can be used to determine the panel angle in solar tracking systems. For example:
> Input: Sunlight intensity, temperature, and the current angle of the panel.
> Rule: "If the sunlight intensity is high and the panel angle is appropriate, do not move."
» Output: The angle or state at which the panel will rotate.

1.4 Technologies for SCADA-AI Integration

1.4.1 IoT
What is 10T?
0T (Internet of Things) is a technology concept that allows physical devices to communicate
with each other over the internet to collect, share and analyze data. These devices can collect
environmental data using sensors, actuators and software and include this data in decision-
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making processes.

The Role of 10T in SCADA Systems

SCADA (Supervisory Control and Data Acquisition) systems enable remote monitoring and
control of industrial processes. 10T makes SCADA systems smarter and more efficient. loT
devices collect and analyze data in real time and make it suitable for the operation of artificial
intelligence algorithms.

Connectivity: 10T devices allow all sensors and actuators in the field to connect to the SCADA
system.

Data Richness: Increases the amount and variety of data that SCADA can access.
Automation: Automatic control systems can be integrated with data from loT devices.

Advantages of 10T Integration with SCADA

1. Real-Time Data Analysis:

10T devices enable SCADA systems to make quick decisions by sending instant data from the
field.

Example: When a pressure increase is detected in an oil pipeline, a warning system can be
activated for rapid intervention.

2. Remote Monitoring and Control:
loT enables SCADA systems to be accessed from anywhere.
Example: Remote monitoring and control of panels in solar power plants.

3. Better Decision Making:

Big data from loT sensors is analyzed with artificial intelligence algorithms, allowing the
system to become smarter.

Example: System optimization based on energy consumption data.

4. Cost Efficiency:
Automation and efficiency provided by loT devices reduce operating costs.
Example: Solutions for water leakage detection in water management systems.

Application Examples of 10T Technology in SCADA Systems
Energy Management:
l0T sensors can be used in smart energy grids to balance energy demand and supply.

Production Processes:
loT reduces downtime by detecting machine failures in factories in advance.

Infrastructure Monitoring:
loT provides continuous monitoring of critical infrastructures such as dams, bridges or water
networks.

Technologies Used for 10T-SCADA Integration

1. Sensors and Actuators:

Collects data from the physical environment and transmits this data to the SCADA system.
Example: Temperature, pressure and humidity sensors.

2. Edge Computing:
loT devices can process the collected data locally before sending it to SCADA. This reduces
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latency and increases system performance.

3. Cloud Computing:
Big data from loT devices is stored and analyzed on cloud platforms.
Example: AWS loT or Azure 10T Hub.

4. 5G and LPWAN:
5G enables 10T devices to transmit data with low latency. LPWAN is a suitable network for
devices with low energy consumption.

Challenges of 10T-SCADA Integration

1. Security:

Communication of 10T devices over the network poses a risk against cyber attacks.
Solution: Strong encryption protocols and secure network connections.

2. Compatibility:

Compatibility of 10T devices from different manufacturers with SCADA systems may cause
problems.

Solution: Use of standardized protocols (e.g. MQTT, OPC UA).

3. High Data Volume:
Big data generated by 10T devices can strain the analysis capacity of systems.
Solution: Integration of big data processing technologies.

1.4.2 Machine Learning

What is Machine Learning?

Machine learning is a branch of artificial intelligence that allows systems to learn from past
data without being explicitly programmed. Algorithms become self-adaptive to perform a
specific task better by analyzing large amounts of data. Machine learning is a powerful tool
for analyzing data, optimizing systems, and making predictions in SCADA systems.

The Role of Machine Learning in SCADA Systems

Machine learning algorithms provide SCADA systems with the following:

Forecasting:

In SCADA systems, energy production, consumption estimates, and system performance can
be predicted using past data.

Example: Predicting future energy production of solar panels.

Anomaly Detection:
Machine learning can warn of system failures in advance by detecting deviations from normal.
Example: Detecting unexpected voltage fluctuations in the electrical grid.

Optimization:
Algorithms determine the most appropriate parameters to increase the efficiency of processes.
Example: Optimizing pump speeds in water treatment plants.

Self-Tuning Systems:
SCADA can automatically optimize system settings in real time with machine learning.
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Example: Ensuring that wind turbines operate at the most efficient angle.

Machine Learning Algorithms

Main machine learning algorithms used in SCADA systems:
1. Supervised Learning:

The system is trained with past data and labeled examples.
Example Algorithms:

Linear Regression

Support Vector Machines (SVM)

Decision Trees

2. Unsupervised Learning:

Used to discover hidden patterns and structures in data.
Example Algorithms:

Clustering

Principal Component Analysis (PCA)

3. Deep Learning:
Learns complex patterns and relationships using artificial neural networks.
Example: Image processing to determine the intensity of sunlight.

4. Reinforcement Learning:
The system develops its own strategies with a reward and punishment mechanism.
Example: Intelligent control systems for power grid distribution.

Machine Learning and SCADA Applications

1. Energy Management:

Machine learning reduces energy costs by predicting energy consumption in SCADA systems.
Example: Smart energy grids.

2. Asset Management:
Algorithms monitor the condition of equipment and predict maintenance needs.
Example: Failure prediction of turbine engines.

3. System Security:
Protects SCADA systems against cyber threats by detecting abnormal behaviors.

Challenges of Machine Learning Integration

1. Data Quality:

The success of algorithms depends on the accuracy of the data coming from the SCADA
system.

Solution: Optimize sensor and data collection processes.

2. Big Data Management:
Machine learning requires large amounts of data, which can strain the infrastructure.
Solution: Use of cloud computing and big data analysis tools.

3. Model Training:
Training of SCADA-specific models can be complex and time-consuming.
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1.4.3 Big Data Analytics

What is Big Data?

Big data defines high-volume, rapidly changing and diverse data that is difficult to analyze
with traditional data processing methods. In SCADA systems, big data includes large amounts
of data collected from production processes, energy consumption, devices and sensors. This
data can be used to increase the efficiency of businesses, predict failures, ensure security and
improve decision-making processes.

What is Big Data Analytics?

Big data analytics are technologies that enable the analysis of large and complex data sets. In
SCADA systems, these analyses process real-time data to enable faster and more accurate
decisions. Big data analytics is a process in which data is collected and processed from various
sources, thus obtaining valuable information and insights.

How is Big Data Analytics Used in SCADA Systems?

Real-Time Monitoring and Analysis:

In SCADA systems, large data sets continuously collected by sensors and devices can be
analyzed and monitored instantly. In this way, possible failures or performance drops can be
detected early.

Example: In solar energy production, real-time data is collected about the efficiency of solar
panels and instant analysis is performed with this data.

Predictive Analytics:

Big data analytics can predict future events by using past data. In SCADA systems, such
analyses are used to predict system failures, determine maintenance requirements and provide
efficiency optimization.

Example: Predicting the future energy production of wind turbines.
Data Mining:

Big data analytics uses data mining techniques to extract valuable patterns and information
from SCADA data. These patterns are important for optimizing the system and improving
decisions.

Example: Discovering relationships between different parameters of the system in a water
treatment plant and determining the most efficient operating modes.

Anomaly Detection:

SCADA systems can detect unusual behaviors or anomalies in the system using big data
analytics. In this way, security threats and failures can be detected early.

Example: Detection of voltage fluctuations in the electrical grid.

Integration of SCADA System with Big Data Analytics
While SCADA systems provide data collection and control systems, big data analytics plays
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an important role in storing, processing and analyzing this data. The following technologies
are required for the correct processing of data:

Data Storage and Management: In big data systems, data warehouses and data lakes are used
to store data. Data sets from SCADA systems can be integrated into these systems and stored
and processed.

Data Processing and Analysis: Big data processing is usually performed with parallel
processing technologies and distributed systems. Tools such as Hadoop and Apache Spark are
used to analyze SCADA data.

Visualization: Visualization is used in SCADA systems to make the collected data
meaningful. Big data analytics allows faster analysis of data with visualization tools.

Machine Learning Integration: More accurate predictions and forecasts can be made by
integrating big data analytics with machine learning algorithms. This integration can make
decision-making processes in SCADA systems more efficient.

Advantages of Big Data Analytics SCADA Systems:
1. Increased Efficiency:

» Big data analytics enables SCADA systems to operate efficiently. Analyses made with big
data identify and correct bottlenecks and inefficiencies in processes.

2. Real-Time Decision Making:
> Big data enables SCADA systems to make decisions in real time. This increases operational
efficiency and prevents possible disruptions.

3. Reducing Failure and Security Risks:
» Detecting anomalies and predicting possible failures in advance increases system security.

4. Proactive Maintenance:
» By analyzing SCADA data, maintenance can be performed before failures occur. This reduces
costs and ensures system continuity.

Challenges in Big Data Analytics and SCADA Systems:
Data Volume and Management:

» The volume of data obtained from SCADA systems is very large. The storage and processing
of this big data requires high storage capacity and powerful processing power.
Data Quality:

> In order for big data analysis to yield accurate results, data must be of high quality and reliable.
Data errors and omissions can lead to incorrect results.

Real-Time Data Processing:

» InSCADA systems, it is difficult to process and analyze data in real time. Analyses that require
high processing power can lead to time delays.

1.4.4 Image Processing:

What is Image Processing?
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Image processing is the totality of mathematical and algorithmic operations performed on
digital images. The aim is to extract information from images, improve the quality of images,
or analyze them for specific tasks. In SCADA systems, image processing is used especially in
applications such as monitoring environmental factors, visualization of system states, and fault
detection.
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How is Image Processing Used in SCADA Systems?

Object Recognition and Monitoring:

In SCADA systems, the status of devices such as solar panels and wind turbines can be
continuously monitored using cameras and image processing algorithms. Object recognition
algorithms can identify any object in the system and detect anomalies (for example, pollution
or damage to the solar panel).

Data Collection and Visualization:

Image processing is also used to visualize physical systems. Especially in large areas, cameras
and image processing software can be integrated to visually monitor the status of the system.
This visualization helps operators make faster and more effective decisions.

Anomaly Detection:

Image processing techniques can be used to detect equipment that is out of service or damaged.
In this way, SCADA systems quickly send alerts to ensure the health and safety of the system.
Example: Clouds, snow or pollution passing over solar panels can affect panel efficiency.
Image processing algorithms detect such changes.

Quiality Control and Maintenance:

Image processing is used to monitor the physical condition of equipment and determine
maintenance requirements. Especially outdoor equipment can be continuously monitored with
image processing and system operators are notified when maintenance is required.
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Image Processing Techniques in SCADA Systems

1. Edge Detection: Edge detection aims to recognize the boundaries of objects by determining
transition points in an image. In SCADA systems, it provides better analysis of environmental
data and devices. For example, it can be used to detect damage to the edges of a solar panel.
2. Image Segmentation: Segmentation separates an image into meaningful pieces and allows
processing on each piece. In SCADA systems, this method allows different devices or sections
to be monitored and more detailed analysis to be performed.

3. Optical Flow: Optical flow is a technique used to track moving objects. In SCADA systems,
this method is used especially in tracking moving devices such as wind turbines or solar panels.
4. Feature Matching: Feature matching identifies specific points or features in an image and
compares them with another image. In SCADA systems, it can be used to determine the
position of the sun or to monitor the status of any device.

Advantages of Image Processing SCADA Systems:

1. Increased Productivity: Image processing allows remote monitoring of the status of
physical devices. This allows maintenance to be done more efficiently and faults to be detected
early.

2. Real-Time Monitoring: Image processing technology enables SCADA systems to react
quickly by performing real-time data processing and analysis. This helps the system adapt to
rapidly changing conditions.

3. Automatic Anomaly Detection: Image processing techniques can automatically detect
abnormal conditions in devices. This allows rapid intervention without the need for operators
to manually check.

4. Integrated Systems: Image processing can be integrated into the SCADA system and
provides more effective management with visualization of data. This helps system operators
understand the situation better and make more accurate decisions.

Challenges and Obstacles:

1. High Computational Power Requirement: Image processing requires high computational
power because it processes large amounts of data. In order to perform real-time processing in
SCADA systems, powerful hardware and software infrastructure are needed.

2. Impact of Environmental Factors: The accuracy of image processing algorithms can be
affected by environmental conditions. For example, weather conditions such as low light
levels, heavy fog or snowfall can negatively affect the performance of the system.

3. Data Quality and Accuracy: The quality of images directly affects the accuracy of
processing algorithms. Low-quality images or blurry images can make it difficult to obtain
accurate results.

Image processing is an extremely effective method for monitoring the status of devices in
SCADA systems, detecting faults and determining maintenance requirements. These
technologies increase operational efficiency, allowing systems to operate more safely and

efficiently.
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1.5.1 Fault Detection and Preventive Maintenance

Fault detection and preventive maintenance is an important method used to predict equipment
failures in industrial systems and prevent possible failures. While SCADA (Supervisory
Control and Data Acquisition) systems provide real-time monitoring and control, artificial
intelligence (Al) and machine learning algorithms can be used to optimize these systems and
predict failures more accurately.

Basic Obijectives of Fault Detection and Preventive Maintenance

1. Early Fault Detection: Early detection of abnormalities, performance changes or
deteriorations in equipment. This allows the necessary precautions to be taken before the
system is interrupted.

2. Maintenance Timing: Predicting when equipment requires maintenance, thus ensuring that
planned maintenance operations are carried out on time.

3. Reducing Costs: Planned maintenance practices instead of sudden failures reduce
maintenance costs and system downtime.

4. Increased Efficiency: Timely detection of failures ensures that systems operate more
efficiently and production continuity is ensured.

Fault Detection and Preventive Maintenance Applications in SCADA Systems

SCADA systems are used to monitor equipment in industrial facilities, collect and analyze
data. This data is analyzed with machine learning and artificial intelligence algorithms to
provide information about the status of the system.

Data Collection: SCADA systems continuously collect data from equipment in the system
through sensors. This data may include parameters such as temperature, pressure, flow,
vibration, voltage. This data is fed to Al algorithms to predict faults.

Data Analysis and Anomaly Detection: The collected data is analyzed to detect anomalies.
Anomalies can be deviations from normal, and these deviations can be a sign of potential
faults. Al-based algorithms can detect these anomalies faster and more accurately.

Machine Learning Algorithms: Machine learning is a powerful tool for early detection of
possible faults and anomalies in the system by training on large data sets. Classic algorithms
include regression analysis, decision trees, and support vector machines (SVM). These
algorithms use past data to predict possible future failures.

Time Series Analysis: Data from SCADA systems is usually time series data. Patterns and
trends in such data can provide information about possible failure situations. Time series
analysis is widely used in failure prediction, especially when machine learning and deep
learning algorithms are used.

Avrtificial Neural Networks (ANN): Artificial neural networks are a powerful Al technique
used to predict future failure situations by learning from past data. Using large data sets from
SCADA systems, ANNs can learn complex relationships and predict failure risks more
precisely.

Fuzzy Logic: Data in industrial systems can often be fuzzy and contain unclear situations.
Fuzzy logic processes this uncertain data to predict the probability of failures and enable more
accurate management of the system.
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Benefits of Fault Detection and Preventive Maintenance with Artificial Intelligence
1. Early Warning System: Al algorithms detect any abnormalities in the system early and
warn operators, which allows the system to operate with fewer failures.

2. Customized Maintenance Plans: Machine learning can create customized maintenance
plans according to the performance of each equipment. This eliminates unnecessary
maintenance expenses and reduces the risk of major failures.

3. Reduction of Maintenance Times: Thanks to planned maintenance, system downtime is
reduced and production loss is minimized. In addition, unexpected downtimes are also
reduced.

4. Lower Costs: Early detected failures help avoid major repair costs. This significantly
reduces operating costs in the long term.

Sample Applications

» Wind Turbines: In wind turbines, parameters such as wind speeds, turbine rotation speed,
temperature and vibration are monitored through SCADA systems. Al algorithms predict the
future performance of turbines and optimize maintenance times.

» Solar Power Plants: The efficiency of solar panels is affected by factors such as weather
conditions and pollution on the panel. SCADA and Al integration can detect faults in solar
power plants in advance, ensuring that energy production continues uninterrupted.

SCADA systems and Al integration can significantly improve the maintenance processes of
industrial systems. Al is a powerful tool for fault detection and preventive maintenance,
allowing systems to operate more efficiently and safely. Functions such as fault predictions,
maintenance scheduling and early warning systems reduce operating costs and extend the life
of equipment

1.5.2 Energy Efficiency and Resource Management

Energy efficiency and resource management is an important area of optimisation in SCADA
(Supervisory Control and Data Acquisition) systems. This process involves integrating
artificial intelligence and other digital technologies into SCADA systems to minimise energy
consumption, use resources efficiently and ensure sustainability. SCADA systems are used to
monitor and control industrial plants, grids and power plants, while artificial intelligence
algorithms can help improve energy efficiency by analysing this data.

Energy Efficiency and Resource Management

Energy efficiency is the minimisation of energy consumption while at the same time
optimising the energy required to provide the desired production, heating, cooling and other
services. Resource management focuses in particular on the sustainable use of natural
resources and the reduction of the environmental impact of business processes. SCADA
systems are used to optimise these two areas and make functional contributions as follows:

1. Real-time Monitoring and Control: SCADA systems continuously monitor energy
consumption, production efficiency and resource utilisation. In this way, any anomaly or
inefficiency in the system can be detected and intervened immediately. Artificial intelligence
algorithms can analyse this data and make recommendations to reduce energy waste.
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2. Data Analysis and Forecasting: By using machine learning and artificial intelligence,
energy use can be predicted. For example, past energy consumption data can be used to predict
the future energy needs of the system. This enables energy resources to be allocated more
efficiently. Furthermore, it is possible to optimise the integration of sustainable energy
sources, e.g. solar and wind energy.

3. Optimisation and Planning: Energy consumption and resource utilisation need to be
optimised over time. By analysing energy demand in different time periods, SCADA systems
can select the most efficient methods of energy generation and distribution. It enables costs to
be reduced by reducing energy consumption during high demand periods or increasing energy
production during low demand periods.

4. Energy Resources Management: Using SCADA and artificial intelligence, renewable
energy sources (solar, wind, hydroelectric) can be efficiently integrated. Such resources can
be used more efficiently depending on direct meteorological data and energy demand.

5. Monitoring and Reporting of Energy Consumption: SCADA systems report energy
consumption data in detail. These reports help management make more informed decisions by
evaluating energy efficiency strategies. In addition, real-time monitoring of data allows to
recognise sudden increases in energy consumption in advance.

Artificial Intelligence Applications for Energy Efficiency and Resource Management
Artificial intelligence plays an important role in SCADA systems in several key areas for
energy efficiency and resource management:

» Energy Optimisation and Demand Forecasting: Al algorithms determine the most efficient
production processes by analysing energy consumption patterns. In particular, demand
forecasts can help energy producers better manage supply and gain more benefits from
renewable resources.

» Fuzzy Logic and Decision Support Systems: By using fuzzy logic algorithms to achieve
energy efficiency, the system can be made to react more sensitively to environmental and
intrinsic factors. Al-based decision support systems provide operators with data to make the
right decisions.

» Anomaly Detection: Machine learning techniques detect unusual conditions in energy
systems, enabling anomalies to be recognised at an earlier stage. This minimises energy waste.

Example Applications

1. Solar Power Plants: SCADA systems monitor the energy production of solar power plants,
while artificial intelligence algorithms ensure that energy production is optimised based on
factors such as solar radiation and weather.

2. Smart Grids: SCADA systems are used to optimise energy transmission and distribution
in smart grids. Artificial intelligence analyses the energy flow in the grid, forecasts demand
and minimises energy losses.
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3. Industrial Plants: In factories, energy consumption is monitored using SCADA and
artificial intelligence, inefficient energy usage areas are identified and improvement strategies
are implemented. This helps businesses reduce energy costs.

The integration of SCADA systems and artificial intelligence is revolutionising energy
efficiency and resource management. Thanks to powerful features such as real-time
monitoring, data analysis, optimisation and forecasting, energy consumption in industrial
facilities can be optimised. At the same time, environmental impacts can be minimised by
ensuring sustainable management of natural resources.

1.5.3 Data Based Decision Support Mechanisms

Data-driven Decision Support Systems (DDSS) are systems that support making the right
decisions in management and operational processes. These mechanisms enable organisations
to make more informed and strategic decisions by using big data analysis, machine learning,
artificial intelligence and other analytical tools. Combined with SCADA systems, these
mechanisms can be useful in many areas such as energy management, maintenance
processes and overall operational efficiency.

Key Components of Data-Driven Decision Support Mechanisms
Data-driven decision support systems have a multi-layered structure that includes various
data sources, analysis techniques and decision makers:

1. Data Collection and Monitoring: SCADA systems monitor industrial processes by
collecting real-time data. This data is received from various sensors, RTUs (Remote
Terminal Units) and PLCs (Programmable Logic Controllers). These systems monitor
temperature, pressure, energy consumption, equipment status and other physical parameters
and store them in databases.

2. Data Analysis and Modelling: After the data is collected, it needs to be analysed. In this
process, machine learning algorithms and artificial intelligence techniques are used to
transform data into meaningful information. For example, regression analyses, time series
analyses, clustering and classification methods are used to analyse the data.

3. Forecasting and Prediction: Data-based decision support systems offer the opportunity
to predict future events with past data. For example, factors such as fluctuations in energy
production, maintenance needs or possible failures can be predicted and necessary
precautions can be taken in advance. This forecasting can optimise the probability of
machine breakdowns and maintenance times.

4. Decision Support and Improvement: The information obtained as a result of data
analyses is presented to managers and operators. This information enables them to determine
the best possible actions according to different scenarios. For example, decisions on more
efficient distribution in energy networks or more efficient use of resources in production
lines are made at this stage.

5. Feedback and Optimisation: After the results are implemented, the effects of the
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decisions can be monitored and evaluated. By re-analysing the data obtained, the efficiency
and accuracy of the decision support system can be increased. This allows for a continuous
improvement cycle.

Applications of Data Based Decision Support Systems in SCADA Systems
The integration of SCADA and artificial intelligence makes data-driven decision support
mechanisms more effective. Here are some applications used in SCADA systems:

1. Failure Prediction and Maintenance Optimisation: While SCADA systems monitor
machine performance, artificial intelligence algorithms can predict the probability of
machine failure. In this way, measures can be taken before failures occur and maintenance
costs can be reduced. Machine learning and time series analyses provide information to
decision makers about the risk of equipment failure.

2. Energy Efficiency and Optimisation: Data-based decision support systems in energy
management can monitor energy consumption and make recommendations for more efficient
use of resources. By analysing SCADA data, energy production can be optimised, energy
losses can be prevented and costs can be reduced. Artificial intelligence can guide
operational decisions by providing predictions about energy consumption.

3. Production and Manufacturing Optimisation: While SCADA monitors production
processes, data-driven decision support systems can identify inefficiencies in production
lines. Artificial intelligence algorithms can optimise production speeds, reduce errors and
recommend the most efficient production planning.

4. Resource Management and Logistics: Data-driven decision support mechanisms can be
used to optimise the distribution of energy resources or other industrial resources. While the
SCADA system monitors resource flows, artificial intelligence can make recommendations
to optimise these flows. This provides a great advantage especially in areas such as energy
and water resources management.

Advantages of Data-Driven Decision Support Systems

Real Time Decision Making: Real-time monitoring and analysis of data with the SCADA
system enables instant decision making. This allows for the rapid elimination of defects in the
system.

Proactive Management: Predicting failures or problems in advance and offering solutions to
these problems increases operational efficiency.

Cost Savings: Optimisation techniques and energy efficiency improvements can reduce
energy costs and maintenance expenses.

Smarter and Data Driven Decision Making: Managers and operators can make decisions
based not only on experience, but also on accurate data. This increases the accuracy and
effectiveness of decisions.

Data-driven decision support mechanisms help to achieve smarter, efficient and sustainable
operational processes with artificial intelligence and machine learning algorithms integrated
into SCADA systems. These mechanisms provide efficiency in many important areas such as
energy efficiency, maintenance processes and resource management in industrial facilities.
The integration of data-driven decision support systems with SCADA enables more effective
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decision making and operational improvements.

1.6 The Future of SCADA: 10T, Big Data and Al Integration

YV VY

Smart cities are cities where digital technologies are integrated to increase efficiency in city
management and improve quality of life. SCADA (Supervisory Control and Data Acquisition)
systems play a critical role in the infrastructure of smart cities. The integration of 10T (Internet
of Things), big data and artificial intelligence (Al) with SCADA optimises the functioning of
smart cities and contributes to achieving sustainability goals.

1.6.1 Smart Cities

SCADA systems are used to monitor and control various infrastructures of smart cities.
These infrastructures include areas such as energy management, water and wastewater
systems, traffic control, building automation and environmental monitoring. SCADA
collects and analyses data from sensors and uses this data for operational decisions.

Definition of Smart Cities

Smart cities are digital and data-driven systems that aim to improve the infrastructure,
environmental sustainability and quality of life of citizens through the integration of
technology. Technologies such as 10T (Internet of Things), Big Data and Artificial
Intelligence are integrated with SCADA systems to produce more efficient solutions in city
management. This integration is used in many areas such as transport, energy, water
management, waste management, traffic and security.

SCADA and its role in Smart Cities
SCADA systems provide a critical infrastructure in the management of smart cities. These
systems support operations in cities with the following functions:

Data Collection and Monitoring: Real-time data collection from various city infrastructures.
Automation and Control: Remote automation to optimise energy, water and traffic systems.
Decision Support Mechanisms: Supporting city management decisions with forecasting and
simulations.

Integration of 10T and SCADA

loT devices increase the data collection capacity of SCADA in smart cities. For example,
smart meters monitor energy consumption, while environmental sensors can analyse air
quality. The integration of these systems provides the following benefits:

Energy Management: SCADA with 10T optimises energy consumption and facilitates the
integration of renewable energy sources.

Water and Waste Management: Providing instant data in the detection and elimination of
water leaks.

Traffic Control: Real-time monitoring of traffic flow and dynamic adjustment of signalling
systems.

Integration of Big Data and SCADA
The large amount of data generated by SCADA systems is processed by big data analytics
and predictions for city management are provided. This process
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1.6.2

Pattern and Trend Detection: It provides data analysis for more efficient use of city
infrastructures.

Forecasting: Consumption forecasts and early detection of infrastructure failures.
Personalised Services: Solutions for the individual needs of citizens.

SCADA Integration with Artificial Intelligence

Acrtificial intelligence makes SCADA's decision-making processes autonomous. The
contributions of artificial intelligence in city management are as follows:

Anomaly Detection: Detection of malfunctions that may occur in city infrastructures and
early intervention.

Predictive Maintenance: Artificial intelligence predicts the maintenance requirements of
equipment before it fails.

Automation and Efficiency: Managing city services without human intervention.

Main Application Areas of Smart Cities

Smart Energy Management: Optimising energy production with renewable sources such as
solar and wind energy.

Traffic and Transport: Improving intelligent traffic signalling and public transport systems.
Environmental Monitoring: Instant monitoring of air quality, noise and water pollution.
Smart Buildings: Buildings providing energy efficiency and automation with SCADA.

Future Role of SCADA

The integration of SCADA with 10T, big data and artificial intelligence for smart cities will
be fundamental for sustainability and improving the quality of city life. The continuous
development of these systems will make cities more liveable, environmentally friendly and
technologically advanced.

Autonomous Production Lines

Definition of Autonomous Production Lines

Autonomous production lines are integrated systems with decision-making and optimisation
capabilities that can run production processes on their own, without the need for human
intervention. These systems are supported by advanced technologies such as 10T, SCADA,
artificial intelligence (Al) and robotics. Autonomous production lines, one of the
cornerstones of Industry 4.0, offer flexible, efficient and fast production processes.

The Role of SCADA Systems in Autonomous Production Lines

SCADA acts as a centralised control and monitoring tool in autonomous production lines.
These systems support the autonomous operation of production lines with the following
functions:

1. Data Acquisition and Processing: Monitors production processes by collecting data from
Sensors.

2. Automation and Control: Provides real-time control of machinery and equipment.

3. Decision Support Systems: It facilitates automatic decision making by analysing data
with artificial intelligence algorithms.

4. Anomaly Detection: Detects errors and potential problems in the production process at an
early stage.
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Artificial Intelligence and Autonomous Production Lines
In autonomous production lines, artificial intelligence is used in the following areas:

Forecasting and Optimisation: Pre-planning and optimising processes according to
production demand.

Anomaly Detection: Detection and solution of anomalies occurring during production.
Machine Learning: Continuous learning and self-improvement of systems with the data
obtained from production processes.

Robotic Collaboration: Ensuring human-robot cooperation with intelligent robots.

Autonomous Production with 1oT
0T devices provide a basic infrastructure for data collection and communication on
production lines. 10T and SCADA integration offers the following benefits:

Real-Time Monitoring: Monitoring the instantaneous status of production equipment.
Preventive Maintenance: Maintenance planning based on data from IoT sensors.
Resource Management: Optimisation of energy and material use.

Advantages of Autonomous Production Lines

1. Increased Productivity: Uninterrupted and optimised production processes.

2. Lower Operating Costs: Reducing operating costs by reducing human intervention.

3. High Flexibility: Ability to quickly adapt to the production of different products.

4. Error Reduction: Improving guality control with instant monitoring and fault detection.

Application Areas

Automotive Industry: Automated assembly lines using a combination of robotic arms and
artificial intelligence algorithms.

Electronic Production: Automation of sensitive processes such as PCB (printed circuit
board) production.

Food and Beverage Industry: Autonomous execution of packaging, filling and quality
control processes.

Pharmaceutical Industry: Automation in sterile production environments.

Future Developments with SCADA and Al Integration

Completely Independent Production: Factories that completely do not need human
intervention with the ability to make decisions.

Smart Supply Chain: Integrated operation of production and logistics processes.

Green Production: Systems that reduce carbon footprint by increasing energy efficiency.

1.7 Advantages and Challenges

Advantages of SCADA and Acrtificial Intelligence Integration

1. Real Time Decision Making:

Acrtificial intelligence integrated into the SCADA system enables real-time data analysis. In
this way, instant decisions can be made during production or operation and processes can be
optimised.

Example: Quickly analysing the data received from the sensors in fault detection and sending

notifications to the maintenance team.
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2. Energy and Resource Efficiency:
» Atrtificial intelligence algorithms reduce operating costs by optimising energy use.
» Example: Detecting unnecessary energy expenditure with big data analytics.

3. Predictive Maintenance:

» By detecting abnormalities early, equipment can be serviced before it fails. This increases
operational continuity and minimises downtime.

» Example: Pre-emptive detection of potential failures by analysing engine temperature and
vibration data.

4. Operational Efficiency:

» SCADA, supported by artificial intelligence, enables faster and error-free execution of
operations.

» Example: Keeping energy generation systems (e.g. solar panels) in optimal operating
conditions depending on weather conditions.

5. Comprehensive Monitoring and Reporting:

» Al-powered SCADA systems enable data to become more meaningful and provide a better
view to operators.

» Example: Presenting detailed analyses of every process in the factory to operators with
graphics.

Challenges of SCADA and Artificial Intelligence Integration
1. High Initial Cost:

» Since the integration of SCADA systems with artificial intelligence requires advanced
hardware and software, initial costs are high.

» Solution: Step-by-step integration and cost-effective solutions.

2. Data Security and Privacy:

» With the increase in 10T devices, cyber security threats also increase. SCADA systems collect
more data with the integration of artificial intelligence and the protection of this data poses a
great challenge.

> Solution: Use of advanced encryption and security protocols.

3. Technical and Operational Complexity:

> Integrating Al algorithms into the SCADA system requires technical knowledge and can create
operational complexity.

> Solution: Training personnel and developing user-friendly interfaces.

4. Compatibility and Standardisation Issues:

» The hardware and software used in SCADA systems may differ. This can make artificial
intelligence integration difficult.

» Solution: Adopting industry standards and using open platforms.

5. Data Quality and Consistency:
» For Al algorithms to work effectively, quality and consistent data is needed. Incomplete or
inaccurate data may adversely affect the accuracy of the results.
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» Solution: Implement data cleaning and quality control processes.

1.8 Real World Applications
The integration of SCADA systems and artificial intelligence is proving itself with real-world
applications in many areas such as industrial automation, power generation, and city
management. Below are sample applications from different sectors:

1.8.1 Industrial Automation

Industrial automation involves the integration of SCADA (Supervisory Control and Data
Acquisition) and artificial intelligence (Al) to optimise production processes. This
integration is a powerful tool to increase production efficiency, reduce costs and improve
quality control processes. Below, the applications of these systems in industrial automation
are discussed in detail:

SCADA and Al Integration in Industrial Automation
1. Optimisation of Production Processes:
» SCADA continuously collects data from production lines and analyses this data with artificial
intelligence algorithms to optimise production speed, product quality and energy consumption.
» Example: In the automotive industry, Al-supported SCADA systems are used to synchronise
workflows on multiple production lines.

2. Robotics and Automation Systems:

» SCADA with artificial intelligence minimises errors and increases efficiency by coordinating
robots.

» Example: Large manufacturers such as Tesla provide high accuracy in electric vehicle
production by integrating SCADA systems with artificial intelligence-supported robots.

3. Quality Control and Anomaly Detection:
» SCADA systems combine with Al algorithms to detect abnormal situations during production
in real time. It makes automatic corrections in production processes to prevent product defects.
» Example: In food production facilities, the sizes and shapes of products are monitored with Al
and those that do not comply with quality standards are automatically separated.

Advantages of Artificial Intelligence and SCADA in Industrial Automation

1. Real Time Decision Making: Artificial intelligence makes operational decisions quickly
and effectively by analysing data from SCADA.

2. Preventive Maintenance: By estimating the maintenance requirements of production
equipment before it breaks down, unexpected downtime is prevented.

3. Energy Saving: Reduces costs and minimises environmental impact by optimising energy
use.

4. Flexible Production: Increases the flexibility of production lines by enabling fast
switching to different products.

Real Applications
» Automotive Industry: In automotive production lines, SCADA and artificial intelligence are
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used to synchronise assembly robots. BMW and Ford apply this technology for quality control
and production speed increase.

» Petrochemical Industry: SCADA systems in refineries increase the efficiency of chemical
processes by analysing production flows with artificial intelligence.

» Pharmaceutical Manufacturing: SCADA is integrated with artificial intelligence to ensure
the production of drugs at the right doses and minimise errors.

1.8.2 Energy Management Systems
Energy Management Systems
Energy management systems (EMS) are systems designed to optimize energy production,
transmission and consumption processes. SCADA and artificial intelligence integration
increase the performance of these systems, reduce energy consumption and support
environmental sustainability. Details are explained below:

SCADA-Based Energy Management Systems

SCADA systems provide real-time monitoring and control of energy infrastructure. Data
collected from power plants, electrical grids and consumption points are analyzed by SCADA
systems to manage energy flow. This data is processed more effectively with artificial
intelligence integration:

1. Energy Production Optimization:
» Production quantities in electricity production facilities are optimized according to demand.
» Example: Energy losses are minimized by balancing the variability of renewable energy
sources (solar, wind) with artificial intelligence-supported SCADA.

2. Consumption Management:

> Energy consumption is optimized by analyzing the energy usage patterns of industrial and
residential consumers.

» Example: Big data analytics and Al algorithms increase energy efficiency by making energy
demand estimates.

3. Distribution Network Monitoring:
» Voltage, frequency and current values are monitored in electrical networks. Abnormal
situations are detected in advance and energy outages are prevented.

Improvements in Energy Management with Artificial Intelligence
1. Forecast and Optimization:

> Al algorithms provide high accuracy in energy production and consumption estimates. It is
especially used to cope with the variable nature of renewable resources.

» Example: In wind energy production, energy production is estimated with weather data.

2. Preventive Maintenance:

» Al-supported SCADA monitors the status of equipment in the energy infrastructure and
predicts possible failures in advance.

» Example: Overloads or overheating in transformer centers are detected and equipment failures
are prevented.

3. Energy Consumption Analysis:
» Energy consumption models are analyzed and saving methods are developed. Energy
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1.8.3

efficiency is increased in homes and workplaces.

Real Applications

1. Smart Grids: In smart grid systems, SCADA optimizes energy production and distribution.
Google's energy management has achieved significant energy savings using artificial
intelligence algorithms.

2. Renewable Energy Management: Energy production from solar panels and wind turbines
is monitored by SCADA systems. Artificial intelligence makes energy production estimates
more accurate.

3. Utilities: Public energy distribution companies use SCADA and Al integration to prevent
energy theft and make infrastructure more efficient.

Advantages

Energy savings and cost reduction.

Carbon footprint reduction.

Decreased failure rates in energy infrastructure.

Water Distribution Networks

Water distribution networks manage the process of delivering clean water from sources to
consumers and properly discharging wastewater. These systems are used in various
environments such as cities and industrial facilities. SCADA and artificial intelligence
integration enables water distribution networks to be managed more efficiently, reliably and
sustainably.

Use of SCADA Systems in Water Distribution
SCADA systems perform the following functions in water distribution networks:

1. Real-Time Monitoring:
Data such as water pressure, flow rate, and water level in pipelines are continuously monitored.
Example: Tank fill levels are monitored in real time to prevent overflows or dehydration.

2. Remote Control:
Provides remote management of pumps, valves and other equipment.
Example: Water pumps are automatically turned on and off according to demand.

3. Data Collection and Analysis:
All data on the network are collected, analyzed and reported.
Example: Leaks are detected by determining water loss rates.

Optimization of Water Distribution with Artificial Intelligence
Acrtificial intelligence improves the performance of water distribution networks by integrating
with SCADA systems:

1. Leak Detection and Prevention:
Acrtificial intelligence algorithms detect pipeline leaks by analyzing pressure and flow data.
Example: With data received from sensors, abnormal pressure changes provide early warning.
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2. Demand Forecast:
» Al algorithms analyze historical water consumption data to make demand estimates.
» Example: Water pumping schedules are optimized for seasonal and daily changes.

3. Energy Consumption Optimization:

» It ensures that pumps are operated in a way that increases energy efficiency.

» Example: Al-supported systems recommend that pumps be operated during the hours with the
lowest energy costs.

4. Chemical Dosage Management:
» Chemical usage amounts are optimized in water treatment plants.
» Example: Al automatically adjusts chlorination process according to pollution levels.

Real World Applications

1. Smart Grids: Systems that optimize water consumption in cities have been developed. For
example, water management projects in Singapore provide efficiency with Al-supported
SCADA.

2. Treatment Plants: In wastewater treatment plants, Al-based SCADA systems monitor
water quality and optimize processes.

3. Water Management in Agriculture: In smart irrigation systems, water is distributed
equally to agricultural areas with Al algorithms.

5. Advantages
» Reduction of leaks and losses.
» Savings in energy and water consumption.
» Better crisis management (for example, drought or pipeline failures)

C MEASUREMENT AND EVALUATION 1 )

Read the questions carefully and select the correct answer.

1. Which of the following is not one of the basic components of SCADA.
A) RTU
B) PLC
C) C++
D) HMI

2. Which of the following is not among the basic tasks of RTU.
A) Image Processing

B) Data Collection

C) Data Processing

D) Local Control
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3. Advantages of RTU:

I. Remote Monitoring and Control

[1. Durability

[11. Energy Efficiency

IV. Wide Application Area

The advantages provided by RTU are given above.
Accordingly, which of these advantages above is/are the advantages provided by
RTU.

A) YOLO

B) C ++

C) Faster R-CNN

D) Siamese Network

4. Which of the following is not among the basic working principles of PLC
A) Input

B) Pattern Extraction

C) Processing

D) Output

C MODULE EVALUATION )

Write the appropriate words in the blank spaces in the following sentences.
Lo , Is an interface that enables interaction between an

operator and a machine or system

2. The basic components of the HMI system are divided into 3: hardware,
............................ and communication interface.

B systems play a critical role in large-scale energy
management such as solar energy systems.

A o integration enables SCADA systems to operate more
intelligently, autonomously and efficiently.

Write the letters ‘T’ if it is True and ‘Y’ if it is False against the information
given below.
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1.() Traditional SCADA systems do not allow the data received from sensors to be
transmitted to a central control station to optimize energy production and
distribution.

2.() RTU (Remote Terminal Unit) is a software language used to collect data from
field devices, process this data and transmit it to a central SCADA (Supervisory
Control and Data Acquisition) system.

3.() RTU (Remote Terminal Unit) has low energy consumption, can usually operate
with batteries or renewable energy.

Read the questions carefully and select the correct answer.

1. Which of the following is not among the software of HMI.
A) Siemens WIinCC

B) Rockwell Automation

C) Java Script

D) Wonderware In Touch

2. Which of the following is not one of the Artificial Intelligence (Al) algorithms
used in SCADA

A) Machine Learning (ML)

B) ChatGPT

C) Deep Learning (DL)

D) Atrtificial Neural Networks (ANN)

3. Which of the following is not among the HMI types.
A) Wifi HMI

B) Local HMI

C) Distributed HMI

D) Mobile HMI

1. Provide information about the Definition and Working Principles of SCADA
Systems.

......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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EVALUATION

Please compare the answers with the answer key. If you have wrong answers, you need to
review the Learning Activity. If you answer all the questions correctly, please contact your
teacher and move on to the next learning activity.

C ANSWER KEYS D,

Measurement and Evaluation-1:

Multiple Choice:
1

WO|> 0

2
3
4

Module EVALUATION:

Fill in the Blank:
1 HMI
2 SOFTWARE
3 SCADA
4 ARTIFICIAL INTELLIGENCE
True(T) - False(F)
1 F
2 F
3 T
Multiple Choice:
1 C
2 B
3 A

1. Provide information about the Definition and Working Principles of SCADA Systems.
SCADA (Supervisory Control and Data Acquisition) is a system used for remote monitoring,
control and management of industrial processes. It is generally used in wide-ranging processes
such as energy production and distribution, management of water resources, transportation and
production lines. SCADA collects data from the field and transmits it to a central control
station and supports decision-making processes based on this data.
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SOURCES WEB (accessed 06.12.2024)

1. "Development ofan loT Based Open Source SCADA System for PV System Monitoring"
This study addresses the applications of an loT-based open source SCADA system on solar
energy (PV) systems. Artificial intelligence integration provides efficiency-enhancing
solutions for real-time monitoring and management. More information is available at IEEE

Xplore [109] .

2. "Al and loT Integration in Solar Energy Systems"'
This article focuses on optimizing energy management by processing data collected from loT
devices with artificial intelligence algorithms. The integration of Al and loT enables SCADA
systems to make more accurate decisions. Source: World Economic Forum [110] .

3. "Artificial Intelligence  Applications in  Renewable  Energy  Systems"
This resource examines the application of Al to SCADA systems, including aspects such as
data analytics and system optimization. More efficient energy production is targeted,
particularly in solar energy farms. Access: ScienceDirect [109] [110] .
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4. "Smart SCADA Systems for Solar Farms™
It includes detailed information on making SCADA systems smarter in solar farms with

artificial intelligence algorithms, increasing energy production and adapting to environmental
changes. Source: ResearchGate [110] .

5 "The Role of Al in Renewable Energy Transition™
This article covers innovative applications of artificial intelligence in the energy sector, with
particular emphasis on the role of SCADA systems in solar energy optimization. For more

information: World Economic Forum [110] .

These resources provide a broad framework for controlling SCADA with artificial
intelligence in solar systems. You can use the relevant links for detailed reviews.
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