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Abstract

In large-scale food companies to ensure product quality and protection, precise
temperature control must be maintained. This research presents the design and implementation
of a SCADA (Supervisory Control and Data Acquisition) system integrated with a PID
(Proportional-Integral-Derivative) control strategy for effective temperature regulation. The
system offers operators a comprehensive Human-Machine Interface (HMI) for real-time
visualization and control, processes temperature data through a PID controller to maintain a
setpoint of 85°C, and continually monitors temperature data in real-time. The simulation results
demonstrate that despite outside disruptions, the system can maintain the required temperature
within close tolerances, assuring ideal process conditions. Large-scale industrial applications
of SCADA systems are emphasized by their function in advanced data analysis, supervisory

control, alarm management, and data collecting.
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1. Introduction

Temperature control is an important feature of food production, particularly in
processes like purification, fermentation, and baking, where accurate temperature regulation is

key to achieving the desired product quality and ensuring food safety. In large-scale food
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production environments, consistent temperature maintenance is challenging due to varying
external factors, such as ambient temperature changes, equipment performance variations, and
dynamic process conditions. These challenges require the use of advanced control strategies
and monitoring systems to manage the difficulties of temperature regulation. SCADA
(Supervisory Control and Data Acquisition) systems are widely approved in the food industry
for their ability to monitor and control various process parameters, including temperature, in
real-time [1]. The role of temperature control is not only to maintain the quality and consistency
of the product but also to meet strict food safety standards that are essential in protecting public
health.

When SCADA systems are integrated with a PID (Proportional-Integral-Derivative)
control strategy, they provide improved capabilities for real-time monitoring, accurate control,
and dynamic response to changes in the process environment. This integration automates the
temperature regulation process, confirming that the temperature remains within the specified
range, which is particularly important in processes like purification, where maintaining a
specific temperature, such as 85°C, is critical. The SCADA system collects real-time
temperature data from multiple sensors distributed throughout the production line, processes
this data through the PID controller, and adjusts control elements, such as heaters or coolers,
to maintain the desired setpoint. Additionally, the system features a Human-Machine Interface
(HMI) for operators to visualize data in real-time, make control adjustments, and manage
alarms [2]. The research highlights the efficiency of PID control in maintaining the target
temperature despite external disturbances, and it highlights the importance of SCADA systems
in optimizing industrial processes, ensuring continuous and reliable operation, and finally

safeguarding the quality and safety of food products in large-scale production environments.

2. Literature Review

The integration of SCADA (Supervisory Control and Data Acquisition) systems with
PID (Proportional-Integral-Derivative) control approaches for temperature regulation in
industrial processes has been expansively considered due to its critical importance in

maintaining product quality and operational efficiency.

Remote temperature monitoring and control systems using SCADA are essential for
large industrial environments. These systems enable real-time monitoring and control of

industrial processes, such as furnaces, using PLC-based SCADA systems and mobile
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applications [3]. Automatic thermal control systems can ensure machine safety by detecting
temperature changes, activating auxiliary ventilation, and triggering alarms when preset limits
are exceeded [4]. Ethernet-based remote monitoring and control systems have been developed
to address industrial automation challenges and improve process efficiency [5]. However, as
SCADA systems become increasingly interconnected and geographically dispersed, they face
growing cybersecurity risks. These systems, which are important for various safety-critical
infrastructures like power grids and water distribution networks, are vulnerable to cyber-
physical attacks on both physical and cyber layers [6]. Cloud-based SCADA systems offer
improved security and real-time control of industrial machines [7]. Integration of field devices,
PLCs, and SCADA systems enables temperature control and device diagnostics using
WirelessHART technology [8]. l0T-based SCADA systems can monitor plant leaf temperature
and environmental parameters using low-cost thermal cameras and wireless communication
protocols [9]. For wind turbines, SCADA data analysis can be used for condition monitoring
and fault isolation, addressing challenges such as low sampling rates and time-varying working
conditions [10].

These studies demonstrates the versatility of SCADA systems in various industrial
applications, highlighting their potential for remote temperature monitoring, control, and fault

detection in large-scale industrial environments.

3. SCADA Systems Overview

SCADA systems are industrial control systems used to monitor and control processes

in various industries. They consist of several components:

e Human-Machine Interface (HMI): The user interface that displays real-time data
and allows operators to interact with the system.

e Supervisory System: The central system that collects data from various sensors and

control devices.

¢ Remote Terminal Units (RTUs): Devices that interface with sensors and actuators,

transmitting data to the supervisory system.

e Programmable Logic Controllers (PLCs): Industrial computers that process input

data and execute control commands.
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e Communication Network: The infrastructure that connects all components, enabling

data transmission and control.
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Figure 1. Block Diagram Description of SCADA System

Here is the block diagram of a SCADA system for a Remote Temperature Monitoring

and Control System in a large industrial environment. The Figure 1 illustrates the flow of data

from sensors through RTUs/PLCs, communication networks, and into the supervisory system,

which interfaces with the Human-Machine Interface (HMI) and control outputs.

Sensors Devices: RTD sensors are deployed in industrial environments to measure
temperature and other relevant parameters, playing a crucial role in monitoring and

maintaining optimal conditions within several processes.

Remote Terminal Units (RTUs) / Programmable Logic Controllers (PLCs): Data
is collected from the sensors, then processed and converted into a format suitable for
transmission, ensuring accurate and efficient communication of the measured

parameters.

Communication Network: Data transmission can be simplified through wired
connections, such as Ethernet, or wireless methods like Wi-Fi and cellular networks,
enabling continuous communication between field devices and the central SCADA

system.

Supervisory System: The central system receives, processes, and stores data from the
RTUs, executes control commands based on the processed data, and interfaces with
the Human-Machine Interface (HMI) to provide operators with real-time information

and control capabilities.
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Vi.

Human-Machine Interface (HMI): The system provides real-time data
visualization, allowing operators to monitor the system, receive alerts, and adjust

control parameters as needed for optimal operation.

Control Outputs: The process involves actuators or control elements that respond to
SCADA commands to regulate temperature or other parameters, ensuring that the

system operates within the desired conditions.

4. System Design and Implementation

The initial stage of developing an RTMCS with SCADA is to choose appropriate

temperature sensors. Here, RTDs are used due to their great accuracy and long-term stability

and temperature resistance. Programmable Logic Controllers (PLCs) are used to collect

temperature data from the sensors, process the signals, and transform them into a format that

can be transmitted. After processing, the data is transferred through a communication network

with Wi-Fi to the SCADA supervisory system. This makes it possible to monitor and control

the system remotely. The proposed control strategy consists of three key components that are

selection of temperature sensors, implementation of a PID controller, and conducting

simulations to analyse performance and results.

1. The Temperature Selection: Large-scale food industries usually require

temperature control within a specific range, especially for procedures like baking or
pasteurization. Using 85°C for the pasteurization assure food safety without reducing

quality.

PID Control System: The temperature will be maintained at 85°C using the PID
control system. It makes use of derivative, integral, and proportional components to

fix the errors, compensate for disturbances, and assure system stability.
System's Mathematical Model

A first-order linear time-invariant (LTI) system is used to analyse the heating
system's dynamics.

dT(t)

t—=
dt

+ T(t) = ku.U(t) (1)

Were,
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T(t) is the temperature at time t.

U(t) is control input.

T is system’s time constant.

Ku is gain of the system.

For a typical industrial heating process, assume: T =120 seconds
e Design of PID Controller

The form of the PID controller is as follows:

de(t)
o ()

U(t) = Ky.e() + K; [, e(T)dT + Kq.
Were,

e(t) is the error between the setpoint temperature and the current temperature.
Kp, Ki, and Kgq are the proportional, integral, and derivative gains

Let's assume the following initial PID parameters:

Kp=10,K1=1,Kd=0.1

These values will be tuned to achieve the desired performance.

4.1 Simulation and Results

The system simulation was carried out by implementing the PID controller to control
and maintain the temperature at 85°C. To make sure the required temperature is consistently

reached, the controller modifies the system based on proportional, integral, and derivative

actions.
e Simulation

The system simulation is carried out employing the first-order linear time-invariant (LTI)
system and controlling the PID. By modifying the system's output in response to derivative,
integral, and proportional actions, the PID controller maintains stability. The outcomes are
displayed visually to demonstrate how the system reacts and keeps up the required level of
performance.
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e Temperature Response Analysis

It helps to determine how successfully the PID controller maintains the intended

setpoint.

Temperature Control using PID in Large-Scale Food Industry
100 — Temperat

ure (°C)
-=- Setpoint (T = 85°C)
90

80

60

Temperature (°C)

50

40

307

20¢

0 250 500 750 1000 1250 1500 1750 2000
Time (seconds)

Figure 2. Temperature Control using PID in Largescale Food Industry

The graph in Figure 2 above shows the temperature response using a PID controller to
keep the setpoint at 85°C over time. After adjusting for any variations, the controller

successfully raises the temperature to the specified setpoint.

In manufacturing environments, the Human-Machine Interface (HMI) is an essential
tool that provides operators with a visual platform for real-time process monitoring and control.
Operators could monitor system performance using the system's HMI, which could display key
metrics like temperature, pressure, and flow rates. With its user-friendly visualisation and
interactivity, this interface improves awareness of the environment and provides effective and

secure process management.
4.2 Possible Applications of the Proposed SCADA Model

The proposed SCADA model can be integrated with Real-time Temperature Display,

Alarms and Notifications, Control Adjustments, and Graphical Trends.

e Real-time Temperature Display: It provides the current temperature reading in
comparison to the setpoint, enabling operators to monitor and ensure the system stays

within the desired temperature range.
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e Alarms and Notifications: It will alert operators when the temperature significantly
deviates from the setpoint, ensuring timely responses to potential issues and

maintaining system stability.

e Control Adjustments: Control Adjustments enable the real-time modification of PID
parameters (Kp, Ki, and Kd) by operators, enabling them to customize the system's
performance. Operators can improve system accuracy, stability, and reactivity to
better maintain the intended setpoint in the face of unpredictable conditions by
modifying these settings.

e Graphical Trend: It demonstrates the temperature change over time, presenting the
system'’s performance in a visual representation. This makes it easier for operators to

track and evaluate how the temperature varies or stabilises with respect to the setpoint.

5. Conclusion

This simulation demonstrates how well a PID control system works to maintain
temperature control in a large-scale food industrial scenario, which is essential for maintaining
product quality and safety. The system assures that the food products satisfy the necessary
criteria, preventing decomposing and ensuring consistency by maintaining a consistent
temperature of 85°C. Through a simple user interface, the Human-Machine Interface (HMI)
enables operators to keep an eye on the temperature in real time and make any necessary
adjustments. It has functions like trend graphs for performance tracking, alarms for deviations,
and a real-time temperature display. PID control and HMI work together to maximize the
efficiency of the processes, reduce the need for human involvement, and ensure food

production corresponds to industry standards.
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