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Abstract

The problem of developing a digital monitoring system for efficient analysis of industrial
processes has been considered. According to a recent study, Pakistan based industries
have very high energy losses as compare to global energy losses. Such industry specific
losses and other management related issues can be addressed with digital monitoring
platforms. They have applications in agriculture, healthcare, aerospace, defense, and
manufacturing. There are different types of digital monitoring systems and involve
multiple software and hardware to achieve the required functionalities. In general, we
can classify a digital monitoring system in three parts: front-end applications, back-
end applications and processor/communication part. The front-end application include
web and mobile-based applications that provide the required data in a user friendly
format and allow human interaction with the digital platform. Back-end applications
include sensors/models and actuators that are connected to the distributed components
of industrial process that is being managed. Processors and Communication include
the WiFi-based hardware for receiving, processing, and sending the remote data from
the field instrumentation devices to database. The main objective of this work is to
explore different software and hardware based components according to user require-
ments and suggest an integrated framework. We developed a digital monitoring system
that integrate sensors and MATLAB based models to ESP32 processor and display the
processed data on web and android based devices. The frontend applications have been
designed to support real time sensor data and computational data along with storage
of the data in a database. The complete monitoring system with the designed web and
android applications is implemented on a case study of analyzing energy utilization of

steel manufacturing process.
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CHAPTER 1

Introduction

This chapter is about background of this research, motivation of this research, objective

of this research and organization of thesis.

1.1 Background

The use of technology in industries such as defense, manufacturing, aerospace, health-
care and agriculture has significantly increased the problem of monitoring the industrial
process to optimize its operation. The monitoring/analysis of single or multiple com-
ponents of industrial process during production or idle phase not only optimize its op-
eration and cost but also helps in ensuring safety. For this purpose, different hardware
and software technologies can be utilized, that may include MATLAB/Python based
models, standalone applications, real-time sensors, microprocessors, storage devices
and front-end display applications. Manufacturers are integrating new technologies
and concepts such as Internet of Things (IoT), cloud computing and analytics, and
artificial intelligence/machine learning into their production framework and through-
out their operations. This is what we call the fourth industrial revolution (industry
4.0) starting from steam based power in the first revolution to electric power in the
second and computer based automation and control in the third industry revolution.
The development of a digital monitoring system for smooth and efficient operation of

industrial processes itself involves large number of integrated hardware and software



CHAPTER 1: INTRODUCTION

tools that make their utilization a challenge. The digital monitoring system typically
include back-end applications and hardware; front end display applications; and com-
munication platforms. Figure 1.1 shows a general overview of data acquisition, storage

and visualizing tools.

Display Panel :

Remote

Access

N Sensors &

l Actuators H

1 :
Co— :
-, . E
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Figure 1.1: Overview of data acquisition, storage, communication and visualization

1.1.1 Back-End Applications

Back-end applications include all the industrial process specific tools and hardware
that help in observing the behavior of the industry. For example, the tools/hardware
used for data acquisition are back-end applications. Data acquisition is the process of
gathering measurements from different sensory devices in an industrial unit, such as
thermometers, pressure gauges, and pyrometers. Based on the data collected, operators
and decision-makers can also take the necessary controlling measures. The sensors and
actuators that make up the system’s back end are shown in the right block of Figure
1.1. In addition, there might be model-based analytics that are again part of back-end

applications.
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1.1.2 Processors and Communication

Processors and communication refer to the hardware and software required for inte-
grating the front-end and back-end applications. Processors play a significant part
in industrial monitoring systems; they gather information from back-end technologies,
process it, and integrate with hardware tools to transfer the data to front-end appli-
cations. In order to establish backup/storage of performance-related parameters for
industrial components, the processed data is also transferred to a central database
using a variety of physical or virtual communication mediums, including WiFi, Blue-
tooth, and hardcore wires or cables. This database can then be accessed at any time
for additional processing. In the top left corner of Figure 1.1, the connection gateway

that makes up the system’s communication channel is depicted.

1.1.3 Front-End Applications

The front-end applications refer to the tools where the user engage with the digital
monitoring system to observe the industrial process. This is also called client side of
an application. Front-end apps are used in industrial monitoring process systems to
visualize the entire process in one perspective. Using tools and software, for instance, to
display the whole industrial process data and communicate with humans. For a rapid
understanding of the system/process performance, different visualization techniques
are utilized to show data in an organized, portable, and simplified format. Graphs,
charts, and simulations are a few prominent visualization formats. To obtain a more
comprehensive understanding of the industrial process, the data kept in the storage
systems is retrieved for manipulation and display. The information on display serves
as a resource for adopting encouraging actions that will, ideally, have an impact on
the industrial process systems. The display panel and remote control that depict the

applications front-end are shown in the center of Figure 1.1.
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1.2 Problem Statement

The problem is to design and develop a digital monitoring system that integrates
different hardware and software technologies to visually track, analyze and display
data of industrial process system using web and android-based applications. There
are different options that can be adopted at the front-end application level, back-end
application and processor/communication level. Some of these tools are compatible
with each other but require additional software for integration. A detailed overview
of such digital monitoring systems for industrial process and their associated software

and hardware tools from system engineering point of view is the focus of this thesis.

1.3 Motivation

The motivation behind this thesis is to get detailed information about different digital
frameworks that provide instant access to all the key components of an Industrial unit.
Such monitoring systems are continuously growing with various user-friendly graphical
user interfaces (GUIs). The GUIs are typically designed in web-based software for
computer applications and android-based software for mobile applications. These Web
and mobile-based applications can be used in a wide variety of application areas. Some
of these applications include real-time energy monitoring systems, smart home systems,

weather prediction systems, and health care system and defense applications.

1.4 Objectives

The complete thesis work has been classified into the following four objectives.

o Identify and explore different hardware and software technologies that can be

integrated with each other in order to analyze an industrial process.

e Develop a digital framework with different hardware and software technologies

and visualize the associated data for monitoring of an industrial process.
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e Design web and mobile-based applications that can support real time as well
as computational analysis of industrial process along with the storage of sen-

sor/model based data in the database.

o Implementation of the applications and the digital framework on an actual in-

dustrial process as a case study.

1.5 Thesis Organization

The remaining portion of the thesis is structured as discussed. In chapter 2, detailed
literature review has been presented on the problem statement discussed in Section
1.2. The methodology used for development of a digital framework on monitoring of
industrial process has been discussed in Chapter 3. In Chapter 4, the implementation
of a digital platform for a specific case study has been carried out. Finally, in Chapter
5, the conclusions are made from the research work and some future directions are

highlighted.



CHAPTER 2

Literature Review

This chapter gives background information on several digital frameworks that have

been utilized to monitor industrial process systems.

2.1 Typical industrial monitoring systems

The digital monitoring system generally consists of communication platforms, front-end
display applications, and back-end hardware and software. It takes a lot of integrated
hardware and software tools to construct a digital monitoring system for smooth and

efficient operation of industrial processes, which makes it difficult to use.

SCADA is an abbreviation for supervisory control and data acquisition. A SCADA
system is a group of both software- and hardware-based elements that enables both

local and remote monitoring and management of industrial facilities and processes [3].

2.1.1 Sensing and Acquiring Data

The process of acquiring statistics and information related to industrial processes from
a variety of sensory devices utilized for a specific process in an industrial unit is known
as data acquisition. Operators and decision-makers may also take the appropriate sup-
plemental steps based on the data gathered. Various types of data collecting methods

are used in many investigations. Such as, SCADA is an industrial monitoring system
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for supervisory control and data collection that uses field instrumentation to gather
data, the system includes data recording for real-time data collecting, and process-
ing. Typically, Programmable Logic Controllers (PLCs) or Remote Terminal Units
(RTUs) serve as the foundation of the architectural architecture of a SCADA system
(PLCs). These RTUs and PLCs are microcontrollers or microprocessors that interact
and communicate with Field Instrumentation Devices (FIDs), which include sensors,
actuators, valves, pumps, and transmitters for acquiring data [3, 5]. In another study a
programmable sensor module is used to measures and gathers data from temperature,
humidity, soil moisture, and a water level sensor of solar irrigation pumping systems [6].
In another research a smart home monitoring system is implemented where collection
of data for managing and monitoring home systems, a variety of sensors are utilized, in-
cluding those for measuring the room’s temperature, gas leaks, water levels, and person
detection [7]. A lot of research is conducted on city traffic and public transport mon-
itoring systems. In an investigation for transparent and responsible decision-making
in smart cities, two distinct datasets Waze and Rio are employed in data-driven dash-
boards for traffic monitoring and two other datasets moovit and Rio are used in public

transport monitoring [1]. Figure 2.1 represents the model used for traffic monitoring

[ --E1. F5
Waze App Users

a

system.

Dashboard A

auF Anon[y)::;alion F3
—— iy

Speed Traps 1 v
SN )
—— +
GPS Buses 1
=| [
i; - ol

Internal Reports

Figure 2.1: Traffic Data monitoring illustration diagram used in [1]

Numerous motors of various sizes and powers are available in the plastic recycling
company. In order to forecast motor failure, information on power consumption, tem-

peratures, vibrations, and other pertinent factors is being gathered. A low-power
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System-on-a-Chip (SoC) micro-controller that gathers data is used in this study [8].

For energy monitoring, solar installations use a set of equipment. Real time data are
collected by using ESP32 micro controller and employed for further processing from a
variety of sensors, such as DHT11, INA219, and BH1750. Figure 2.2 represents the
PV station model used in [2].

e
lin _—
! | ESP32 Board
—>
| INAZ219 Sensor I ’

s @
v
- |
—— T

DHT11 Sensor i
. 1

Web App : Grafana

e
FiInfluxDB
13 Grafana

—| [

Figure 2.2: PV Station Diagram used in [2]

In a scenario involving the monitoring of workplace safety is utilizing the installed
wireless sensor network where data collecting is carried out with a focus on five key pa-
rameters: temperature, fire, smoke, gas leakage, and radiation [9, 10]. In another inter-
active system built on the IoT (Internet of Things) combines non-intrusive sensors and
data gathering equipment, reliable communication networks, cloud-based databases,

and web servers to accomplish real-time monitoring of energy use in industries [11].

Sensor nodes are designed to be flexible solutions that do not need extensive wiring
whereas establishing an energy-efficient operating mode is also crucial. In [12] a tech-
nique is used which switches nodes on demand when needed. A lot of research is

conducted on environment variable monitoring systems in which statistical dashboards
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and micro controller chips are used to accomplish the goal of environment monitoring
systems, for example, a node based sensor model is utilized for data collection of differ-
ent environment variables such as humidity, temperature, leaf temperature and rain,
from a greenhouse model [13]. Similarly, the environment’s weather parameters, in-
cluding humidity, temperature, and climatic quality monitoring system is investigated
in [4]. Temperature and humidity are also utilized in agricultural environment factors

monitoring [14].

Sensor models are not only used for industrial or environmental monitoring systems
but also used in medical equipment for patient’s health monitoring such as blood
pressure monitoring systems [15], ECG [16], heart rate monitoring systems [17], EEG
[18] and many others. In a research the usage of battery-powered chest belt of the
wearable ECG sensor is reported for the measurement and streaming transmission
of electrocardiogram signals. The circuit used in it, isolates, purifies, amplifies, and

digitizes the ECG signals and visualize statistics on dashboard [19].

The sensor units are embedded technologies that continuously track the physical states
like, energy, current and power or chemical make-up of the fuel or mobile oil of motor
bikes motor cars or whatever the object being sensed. The ICMSMET’s (Intelligent
Control and Management System for Motorcycle Endurance Test) perception layer
is used to achieve real-time signal collecting from test processes, including motorbike
acceleration, torque, engine temperature, and ambient temperature and humidity [20].
In another system consists of energy monitoring nodes that employ a non-invasive CT
(current transformer) sensor, a low-cost energy meter, the SD3004 energy measurement
chip, and a microprocessor to detect the voltage, current, active power, and cumulative

power consumption [2, 7, 8, 10, 21].

2.1.2 Processors and Communication

Processors are important components of industrial monitoring systems, data acquired
from the field devices is fed to it which is then processed, and integrated with hardware

tools to transfer it to front-end applications or to create backup storage of performance-
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related parameters for equipment. The processed data is then transferred to a central
database. Various types of processors and communication channels are utilized in
various industrial monitoring systems and other research studies. In a research study
single board computers such as Remote Terminal Units (RTUs) and Master Terminal
Units (MTUs) are used for data collection and data processing respectively. RTUs
collect data from field devices such sensors and actuators where MTUs are used to
process data gathered by RTUs. Another single board computer ESP32 works as
a processing and communication channel between RTUs and MTUs [3]. ESP32 is
commonly used microcontroller for data processing purpose [2, 3, 7, 8]. Figure 2.3

illustrates the PV station’s workflow.

In [2], ESP32 DEVKIT V1 is used as a processor and a communication route between
the visualization tool and the data that was gathered. In this study transmission of
data takes place in two stages: The first phase includes the exchange of information
between the sensors, and the controller through inter-integrated circuit protocol (12C),
the controller then communicates with the cloud service application through the WiFi
protocol in the second phase of the process. On the other hand, analytical models are
also employed for industrial data processing and data analysis to accomplish this goal
big data analytics P3NS4 simulator is used in [1]. In another simulation experiment,
a deterministic small network architecture with 5 nodes is used that acquire data
from servers and after processing send it to host computer through a communication
route named RF Zigbee [9, 10]. People have also developed Apache web server to
provide an interactive dashboards that display statistics as well as publish data to data
centers using the MQTT protocol, which is sent via wireless communication network
[11]. In another study MQTT protocol is used in which measured data of several
sensors subsequently be sent in a JSON (JavaScript Object Notation) format to the
server through MQTT. To function as a local server, the Raspberry Pi 3 model B
was used [21]. Microprocessors and embedded computers are the key components
of sensor networks. These are tiny, high speed as well as low-powered for example,
nRF2401 chip is microprocessor utilized for wireless communication and MSP430F149

is a microcontroller used for processing [14]. Raspberry Pi and Arduino Uno are also

10
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Figure 2.3: PV Station Diagram using ESP32 in [2]

the intelligent embedded computers that are utilized for different kinds of monitoring.
The poultry farms monitoring systems are using Arduino and Raspberry Pi to address
chicken farm related problems where both the Raspberry Pi and the Arduino Uno serve
as processors and communication devices [4]. In [13] A microprocessor (MSP430 MCU)
is also employed in a study that receives data from multiple sensors processes it to get

useful information to monitor and manage system.

11
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2.1.3 Front-end Apps

Front-end apps are the primary visualization tools that display statistical information
regarding industrial data coming from field instrumental devices. These apps can be
some web based data visualization dashboards, some mobile or desktop applications.
In every monitoring setup different kind of front-end applications are demanded for
statistical visualization. For example, in a city road traffic monitoring system a web
based dashboard is used to visualize road traffic statistic [1]. In another study Grafana
is used as front-end application. Grafana is a free and open-source platform for data
monitoring and visualization. It comes with a web server, which enables users to
connect to the platform from any location [2, 21]. In SCADA monitoring system a

local server named thinger.io is used as a primary visualization tool [3], see Figure 2.4.

& Thinger.io

Console Dashboard
Statistics Connected Devices: 1

1/e0 2/e0 2[00

Figure 2.4: Data visualization diagram for SCADA System [3]

In another study a web based application integrated with data visualization dashboard
is used which can interact with cloud software to upload sensor data, allowing users to
examine the state of the field using any internet browser. It may also be linked to the

web server, which is in charge of sending the client a web page when the client connects

12



CHAPTER 2: LITERATURE REVIEW

to it via the HTTP (Hypertext Transfer Protocol) protocol [6]. On the other hand some
desktop based applications are also used for data visualization. For example a MAT-
LAB based open source data cloud storage and visualization tool named Thinkspeak
is used to show sensors status [7]. Lab View is also a desktop based application and a
virtual instrumentation software that is used to perform the data logging, monitoring,
and control operations additionally, this makes it possible for a user interface that is
simple to use and for data to be accessible [9, 10]. Some other mobile based applica-
tions are also reported for monitoring home as well as industrial automation systems
to control over home devices and industrial devices respectively [22]. In a research that
looked at the relationship between Raspberry Pi and smartphones in which Raspberry
Pi is used to analyze data and then send it to smartphones application for visualization

[4], see Figure 2.5.

ﬂ | — Database
_ \ ] : . Server

Relay Raspberry Pi Camera

Figure 2.5: Smart farm monitoring system diagram [4]

Another web and mobile application based system is developed for iOS and Android
which includes the information management system to enable for the control of all
system settings as well as the monitoring of alerts and occurrences. The web appli-
cation enables authorized users with access to the outside communication system to
configure the system from a distant computer via the Internet. After data is visualized

on Mobile and web based application for further monitoring [19] the smartphone appli-

13
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cation also offer notifications for further actions [12]. The agricultural and greenhouse
setups discussed above are made efficient by using smart monitoring system. The data
gathered by an environmental sensor installed in greenhouse models are recorded in
the database, and the GUI (Graphical User Interface) are also created to visualize
management specifics about the status of the greenhouse [13]. In another research,
C programming language used for software design where Lab View is in charge of
handling the collection of data presentation, analysis, and archiving for agricultural

environment monitoring [14].

2.2 (Gap Analysis

All the studies discussed above are limited to some extent. People researched a lot on
embedded systems and made real-time working industrial monitoring systems but most
of the systems are very complex in terms of hardware involvement for example a heavy
amount of wiring that’s an important safety concern. The studies like SCADA systems,
PLC systems, and IOT systems are very efficient but in some cases may not be cost
effective. We have proposed an efficient and effective Industrial Monitoring System
in terms of cost, hardware involvement, user friendly front-end applications that can
be operated anywhere, either from desktop station at office or from personal mobile
phone. Most importantly the use of complex wires is reduced in order to minimize the

safety risks.

14



CHAPTER 3

Research Methodology

This chapter explains how we achieved our four objectives. The chapter is structured
in the following way: We begin with the flowchart of the complete end-to-end process,
in which we identified and investigated various hardware and software technologies
utilized in our methodology. Following that, we gave a quick explanation of the digital
foundation for industrial process systems. Then, we presented the design of web- and

mobile-based applications for visualization of the industrial monitoring system.

3.1 Flow Chart

Our flowchart shows how industrial monitoring system/process works. Across many
disciplines, flowcharts are regularly used to analyze, organize, improve, and commu-
nicate frequently complicated processes in a straightforward, accessible manner. For
understating more efficiently, the flowchart of the whole process is displayed in Figure

3.1.

Explanation of the flow chart

o ESP32 development boards have been integrated with all industrial sensors. The
ESP32 collects the digital sensor readings, connects to a WiFi router (the SSID

and password of the access point are specified in the Arduino code), and then

15
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SACEEHD AL l COMMUNICATION FRONTENRD ARE

Figure 3.1: Flowchart of proposed methodology
makes a secure HT'TPS connection to a web server.

e As soon as the ESP32 connects to the webserver, the readings from the sensors
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and the server are inserted in the webserver’s URL and delivered. The HTTPS

GET request protocol is used to handle the web server request.

o After receiving the HT'TPS GET request, the PHP server filters the values from
the URL using the Real Escape String functionality to stop malicious queries
or fake values from being executed. The appropriate database tables are then

populated with values.

o A login form is used to restrict access to the website’s front end. No sign-up or
registration form is available for adding a new user. The MySQL database table
must be manually established for each new user. Users’ data, including their

username and password, is encrypted using MD5 and stored in a database table.

o The user sees all the readings in the pertinent blocks after logging in. Real-time
database retrieval is used to get all readings. Any variation in the readings is

abruptly displayed on the front end. AJAX, a web technology, was used for this.

3.1.1 Development of digital framework

Utilizing a variety of hardware and software technologies, we have developed an indus-
trial process system as well as web and mobile apps. We have categorized and discussed
the technologies below that we are using to create the required industrial monitoring

system.

3.1.2 Hardware and software technologies

To display the readings, we combine a variety of industrial sensors (including the
PT100, Pyrometer, Spark analyzer) with crucial information gathered from furnaces,
ladles, tundishes, and element composition. We have used certain modules (MAX31865,
RS485, and RS232) between the sensors and esp32 board separately from connecting
them with each other so that we can easily obtain data because the aforementioned
sensors aren’t providing readings directly to the esp32 board. Because ESP32 contains

built-in Wi-Fi and Bluetooth modules and is simple to program in Arduino software,
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it was chosen for the project. The sensors can be linked to its input and output ports,
and the information obtained from the sensors can then be transmitted to any device
that supports Wi-Fi over the internet. The figure demonstrates how various hardware

parts are connected to one another in Figure 3.2.

Hardware Components

Model Simulation (MATLAB) PTI00 Pyrometer Spark Analyzer Thermocouple
v v v v v
ThingSpeak Platform MAX31865 RS485 RS232 MAX6675

v v v v v

v

ESP32 Dev Module

Connection with Wi-Fi  station =
which is specified in the code.
C?J Module gets connected with the
Wi-Fi station available on the router.
After Successful connection, the data @

is sent to the server over internet.

Figure 3.2: Hardware components integration

3.1.3 Back-end Technologies

Data gathered at the ESP32 board is currently forwarded to the server. As a back-end
language, PHP is used. An adapted server-side programming language called PHP is
quick, adaptable, and practical. PHP APIs at the server use the get request mechanism
to receive data from the ESP32. Data is directed toward the database after filtering
and validation. Our database is powered by MySQL. By using a get request from the
client, the same APIs may be used to retrieve database data. This entire process was

described in Figure 3.3.
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Server Side

@

PHP APIs

MySQL Database

Figure 3.3: Data storage at server side

3.1.4 Front-end Technologies

There are a number of built-in APIs in the PHP language that fetch data from each
table once it has been stored in the database and provide it to the client’s computer.
APIs are now sending the data to web and mobile applications. Figure 3.4 and figure
3.5 explains the web and mobile application as well as the programming languages we

are employing.

3.1.5 Detailed Block Diagram for Industrial Dashboard Mo-
bile App

A detailed block diagram that explains the three phases of the thesis more efficiently

is shown below in figure 3.6.
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Website Technologies

HTML CSS JavasScript ReactJs

Data if fetched using Asynchronous fetch
operation of JavaScript and is rendered
by ReactJs.

Figure 3.4: Overview of web application GUI building tools used in proposed method-
ology

Mobile Application Technologies

JavaScript React Native Acquring Data

Figure 3.5: Overview of mobile application GUI building tools used in proposed
methodology

3.1.6 Detailed Block Diagram for Industrial Dashboard Web

App

The Web App that we have developed displays readings from several industrial sensors
(such as PT100, Pyrometer, and others) as well as other critical data received from
furnaces, ladles, and tundishes, such as element composition to show the status to the
‘user’ monitoring it. By using ESP32, data that is received from different sensors are
sent to a server where all the data is protected and saved in a database and displayed
on the apps for real-time monitoring. If any sensor does not respond, the user can
identify it by analyzing the data and take essential measures. Figure 3.7 shows the

workflow of web application development.

20



CHAPTER 3: RESEARCH METHODOLOGY

Industrial Dashboard Mobile App Detailed Block Diagram:

Sensors
Furnace
Ladle
Tundish
Composition

Pollution Plant

Mobile App

App Front-End
- React Native

App Back-End
- Firebase

Data from both of the systems is
received in the form of JSON

and is displayed on the front-end
and stored again in the Firebase
database.

Sensors Integration
with the system (ESP-32)

N
=
.
Wireless coommunication
with Firebase over internet

System

ESP-32:
= 34 GPIOs
= Ultra Low-Power

mode

+ 80211 n (2.4 GHz)

Wi-Fi

= Cheap in Price
= Reliable for

industrial usage

=

Wireless commmunication
with Firebase

Solvers

MATLAB:

= Complex

= Calculations

= Simulations

= Communication

with the web server

Figure 3.6: Overview of mobile application GUI building tools used in proposed
methodology
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« HTML5 (Front-end) An industry-standard markup language called HTML
(Hyper Text Markup Language) is used to organize and display content on the
pages of a website or a dashboard. The front-end language is HTML5. The
most recent and improved version of HTML is possibly HTML5. Technically
speaking, HTML is a markup language that explains the purpose, meaning, and

organization of content in a document rather than a programming language.

o (CSS3 "Cascading Style Sheet" version 3 is known as CSS3. CSS, or Cascading
Style Sheets, is a language that specifies the layout and formatting of web pages.
It is utilized to adorn or stylize HTML documents. It determines how HTML
elements will look. Additionally, CSS3 is an improved version of CSS. To help
with the development of online display, CSS3 includes a number of new design

features and advancements.

o JS ES6 JavaScript, also referred to as JS, is an ECMA Script-compliant pro-
gramming language. High-level programming language JavaScript has a number
of paradigms and is frequently real-time compiled. This language has first-class
functions, prototype-based object orientation, dynamic or effective typing, and
curly-bracket syntax. ECMA Script 2015, often known as ES6, is the sixth edition

of the scripting language that was published in 2015.

« PHP (Backend) A well-known general-purpose programming language called
PHP is an effective tool for creating dynamic and interactive website and is perfect
for developing online applications. PHP is a flexible, opportunistic, and rapid
programming language. It serves as a backend language for building databases
in the method we recommend. A PHP interpreter is often used on a web server to
parse PHP code. The output of the interpreted and executed PHP code, which
could be any sort of data, such as binary image data or the generated HTML,

makes up all or part of an HT'TP response on a web server.

o MySQL MySQL is a free and open-source database management system for
relational databases. MySQL is a piece of software used for database management

systems; it is not a programming language. The words "My" and "SQL," which
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stand for Structured Query Language, are taken from the name of co-founder
Michael Widenius’s daughter. There are many uses for MySQL, and we utilize

it for database management.

3.1.7 ESP32 Development Board

The fully integrated ESP32 MCU is powered by a dual-core Tensilica Xtensa LX6
MCU and has built-in Wi-Fi and Bluetooth connectivity for use in a range of applica-
tions. ESP32 is directly programmed using the Arduino IDE (Integrated Development
Environment). The ESP32 can operate reliably in industrial applications with an
operational temperature. Thanks to sophisticated calibration circuitry, ESP32 can dy-
namically correct outside circuit issues and react to changes in the environment. To
lessen the complexity of connectivity stacking on the main application CPU, the ESP32
can operate as a slave device to a host Microcontroller or as a standalone system. The
ESP32 may communicate with another system to provide Wi-Fi and Bluetooth func-
tionality via its SDIO/SPI or UART/I2C interfaces. The ESP32 includes RF baluns,
filters, power amplifiers, low-noise receive amplifiers, power management modules, and
antenna switches. The ESP32 provides your projects with invaluable capability and
adaptability with minimal printed circuit board (PCB) needs. The ESP32 develop-
ment board is what we're utilizing to connect all of the sensors to. Digital readings
from the sensor are gathered by EP32. The ESP32 then establishes a connection with
a Wi-Fi router (the access point’s password and SSID are set in the Arduino code) and
establishes a secure HTTPS connection with the web server. ESP32 and industrial

sensors together (including PT100, Pyrometer).

3.2 Alternate Options

The technologies of various hardware and software have been examined here. These
technologies can be connected with one another in order to examine a system for

industrial monitoring, but their restricted characteristics prevent us from using them.
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3.2.1 Back-end Options

One of the key components of every processing system is its data acquisition infrastruc-
ture. The backend may be developed using a variety of different technologies. Below

is an explanation of some of the alternative technologies.

e« NodeJS When it comes to computation of demanding and sophisticated tasks,
NodeJS degrades performance. When an upgrade is introduced, there must be

numerous code modifications.

o« ASP.NET IIS web servers, which are needed for ASP.NET, are more expensive
than typical shared hosting plans. Additionally, it uses a lot more server resources

than PHP does.

o Python When dealing with real-time data, for instance, Python becomes slower

during runtime. It also uses a lot of memory (RAM).

o Ruby on Rails A server side web application framework is Ruby on Rails. Ruby
on Rails runs at a fairly sluggish pace. Deploying it is more difficult since you

need to have a full stack.

« MySQL MySQL is a free and open-source database management system for
relational databases. MySQL is a piece of software used for database management
systems; it is not a programming language. The words "My" and "SQL," which
stand for Structured Query Language, are taken from the name of co-founder
Michael Widenius’s daughter. There are many uses for MySQL, and we utilize

it for database management.

3.2.2 Front-end Options

In visualization, front-end choices are crucial. The solutions that are presented below
are some ways that we can construct GUI, however they need significant work and

front-end language expertise.
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e Custom HTML, CSS, JS Coding It is also possible to construct the front-
end using simply HTML, CSS, and JS, but this can lead to code repetition
and necessitate the use of complicated techniques in order to perform advanced

dashboard functionalities.

o Angular Framework An alternative to ReactJS is the Google-developed An-
gular Framework. But building a dashboard with real-time data display also

becomes challenging.

e VuelJS Framework Another JS framework is VuelJS, which is less well-known

than ReactJS.

3.2.3 Processors and Communication

In industrial monitoring systems, processors are important because they collect data
from back-end technologies, analyze it, and interact with hardware tools to deliver
the information to front-end applications. For this, we also have a variety of other
alternatives, but we're not utilizing them all. The technologies that are now available

are described in short below.

e Arduino Due to the lack of a built-in Wi-Fi/Bluetooth module, which is nec-
essary for this project, the Arduino development board is not practical in this

situation.

o Generic Micro-controller A generic microcontroller is similar to Arduino in

that it does not come pre-loaded with any modules.

« ESP8266 The ESP8266 is a member of the same family as the ESP32, however
it has less RAM and computing power.

« PLC PLCs require excessive labour for connecting wires as well. Finding errors
is never easy, it takes a skilled team, and integrating sensors and communication
devices with PLCs is much more challenging. Additionally, PL.Cs have a simple

mechanism for acquiring data. It is also expensive.

26



CHAPTER 3: RESEARCH METHODOLOGY

3.2.4 Mobile App Options

A mobile application is a particular kind of application designed specifically for smart-
phones and tablets, sometimes referred to as mobile devices. For the development of
mobile applications, there are several other solutions accessible, but they come with

certain limitations. Below, we've discussed several alternatives.

o Flutter The code of Flutter application is same for both iOS and Android. But
the syntax and characteristics of the language used by Flutter (Dart) are entirely
different from those of JavaScript. It was quite straightforward to create the
mobile application in React Native since it also uses JavaScript as its primary

language. JS is more convenient for applications.

« Java Android applications can only be created using Java. Additionally, it takes

a very long time to compile the application.

o Swift For iOS, iPadOS, Swift is a powerful and user-friendly programming lan-
guage. Swift offers contemporary features that developers like, and writing Swift
code is interactive and enjoyable. The syntax is short yet expressive. Swift code

is secure by default and results in blazing-fast applications.

3.2.5 Database Options

A database is a well-organized collection of data that has been collected and is generally

kept on a server. Below, we've covered a variety of other database alternatives.

« Firebase Data migration isn’t very easy using Firebase. Additionally, as it’s
a platform created by Google, using the capability requires purchasing Firebase

storage.

e Oracle Oracle databases are very complex. Working with Oracle database re-

quires very strong technical experience in databases management.
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e PostgreSQL PostgreSQL is slower than MySQL. Also, it requires additional
drivers to integrate with PHP.
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Results and Discussion

The results of a real-time industrial monitoring system case study are discussed in this
chapter. Data from sensors and all other data analysis are addressed in this chapter.

The front-end of the system looks like dashboard views.

4.1 Validation experiment

Since the case study was about the automation of plant’s equipment with several
sensors. So, first of all we developed a minimal prototype model of embedded system
to validate whether the automation problem was solvable or not. The system was
consisted on a one chip computer called Arduino UNO, temperature sensor, humidity
sensor, and a motion detector sensor. All the sensors were integrated on breadboard
and finally the breadboard was connected with Auduino UNO using colored wires.
After integration of all components, the Arduino was connected with computer via
USB cable. After running this model the sensors data was streaming on output screen

of computer. Figure 4.1 illustrates the first prototype we have worked on.

4.1.1 Outcomes

Objective of this experiment was to integrate sensors with one chip computer and get

the meaningful information from sensors and display it on web platform. We achieved
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integration of hardware components of model, as well as got the data coming from
sensors and also visualized it on web platform in the form of graphs as well as numbers.
Figure 4.2 illustrates the visualization of MATLAB based computations in the form of

graphs and Figure 4.3 illustrates the sensors’ data in the form of numbers.

-

S

Figure 4.1: Minimal prototype circuit with Arduino and breadboard

4.2 Principal Experiment

As we have discussed that, the automation problem was originated from a real-time
case study of Fazal Steel Mill. Their requirements was to automate the whole process
of the mill with real time monitoring applications. So we have explored various case

studies near to our problem, and also explored different hardware and software devices
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Figure 4.3: Sensors data in the forms of numbers visualized on initial web app

and components that we needed to use in our work. We have also discussed in method-

ology that, our system is consisted on three main building blocks: 1) Processor and

communication block, 2) Back-end module, 3) Front-end module.

Firstly, the processor and communication is main building block which meant to be

acted like a gateway communicator between front-end and back-end modules. Secondly,

the aim of creating a back-end module was to acquire data from hardware, sensors and
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actuators and make this module to act like a database or data-bank. Thirdly, the aim
of creating front-end application was not only to display the real-time data coming from

sensors but also to display statistics like variation of estimated and actual parameters.

4.2.1 Processor and communication

Since we have mentioned in methodology, the device used for processing and commu-
nication is ESP32. ESP32 is a one chip computer that has built in WiFi modules
embedded on it which we are using for data communication. First of all ESP32 re-
ceives data from sensors connected to it as well as from MATLAB simulation model.
Secondly, after reception the data is being processed to get meaningful information to
decipher whether the temperature, power consumption, operating time and composi-
tion of the equipment is in acceptable range or not. Thirdly, this information is being
uploaded on database and the database is connected with mobile and web application.
Lastly, on mobile and web application there are dashboards that display statistics of

actual measured response as well as estimated response.

4.2.2 Back-end Module

There are two types of data used in this case study. First one is real time data called
measured data that is coming from sensors, belongs to specific equipment like, furnace,
tundish, and ladle. Second one is model based data called estimated data that is coming
from MATLAB simulation algorithm. After acquisition data is being sent to ESP32
module that is used as a gateway channel between back-end and front-end module.
Receives data from sensors and send it to database by using some database API, for
further operations. Data is being saved in the form of tables. These tables are plant
perspective table, the furnace view table, the ladle view table, and the tundish view
table. The entries in each table are being updated with a pause of five seconds between
each update. The reason for this is the code being used for the ESP-32 device gets
update after every five minutes to avoid any dispute and to make sure the data is

consistent. There are a variety of application programming interfaces (APIs) that are
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constructed using PHP that can be used to get data from each table and then give it
to clients who have requested it. APIs are now being used to facilitate the transfer of
data between two distinct categories of computing devices. The first application is a

smartphone app and the second one is a web based application.

4.2.3 Front-end Module

Front-end of web application is built using ReactJS front-end language. And mobile
application’s front-end is built using ReactNative language. ReactJS and ReactNative
languages use same back-end API to receive data from back-end. Both web and mo-
bile applications are same in terms of visualization. These application results can be

accessed anywhere either form home or in the office.

Web Application and Mobile Application

The web and mobile application are distributed in following interfaces.

1. Plant View (Home Screen)
2. Composition

3. Furnace View

4. Ladle View

5. Tundish View

Plant View

As observed, the screen is showing data from various sensors that have been given
through the APIs that acquire data from database. Real-time data is fetched for each
value. The Plant View updates promptly if a sensor’s value changes. Additionally,
there are graphs that present a graphical representation of the estimated energy losses

of furnaces, ladles, and tundishes based on back-end calculations. All the data and
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calculated results can be displayed in a broad overview on the home screen (also known

as Plant View). The plant view is depicted in Figure 4.4 and Figure 4.5.

Home Furnace Ladle Tundish Pumps Motors Compressors Cooling Tower  Pollution Control Plant

Batch Date Dec 3,2021 Batch # & 3 3 Batch Time 03:37 AM
Measured Temperature 8 MAT CAST Operating Time 8
Furnace Molten Steel Temp 1695 -c Furnace 208 min
Ladle Outlet 1629 °c Ladle 9 Min
Tundish Outlet 1609 <c Energy Losses (Day) Casting 38 Min
Ambient Temperature 10 °c
® Furnace m ladle m Casting

~ 400

£ 300

% 2122 I I I Scrap Info =]
Estimated Temperature =] s | | || Weight 9970 g
Furnace Molten Steel Temp 1722 °c fatchl fatch2 gatch3
Tundish Outlet 1638 -c

Energy Losses (3 Days)

u furnace = Ladle m Casting Energy Efficiency 8
Temperature Deviation g 1800
£ 1000 Furnace 58.7 %
Furnace Molten Steel Temp 27 % 500 I I I Ladle Transportation 92+
Ladle Outlet 16 s - - - Casting 92%
Tundish Outlet 29 Dec1,2021  Dec2,2021  Dec3,2021
_ Energy Losses (Batch) =]
Cooling Water Info =] Live Camera Feed
. Furnace 376.71kw
Temperature Rise 13°c Ladle Transportation 100.8 kw
Pressure 38 psi Casting 100.3 kw
Power Consumption [S] Energy Losses (Day) [S]
Furnace 6370 kw Furnace 3208 kw
Ladle Transportation 2.6 KW Ladle Transportation 567 kw
Casting 147.42kw Casting 876 kw

Figure 4.4: Web based plant overview of whole industrial monitoring process

Composition

In order to determine the composition of the elements in a sample, composition data is
being acquired using the Spark Analyzer programme in the MATCAST lab. An API
retrieves the data from that system, adds it to the database, and displays it in the

Composition area. The data for composition are shown in Figure 4.6.

Additionally retrieved in real-time, this data includes a number of samples from several
batches each day. Every day, various batches of composition data are collected, and

different samples are taken for each batch. Each element’s value from the current
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B X il 3E%E

819 @ il 38%E

Home

Batch C Estimated Temperature Power Consumption

Furnace Molten

Furnace Furnace 6370 kw
Batch N Steel Temp 1722 °c
Ladle
Ladle o B 1645 c Transportation 2.6 Kw
) Batch T Tundish Qutlet 1638 °c Casting 147.42 1w
Tundish
Cooling Measur Temperature Deviation Osarai o T
Tower 01
Furnace Furnace Molten Steel B 208 Min
. Steel Ter Temp 27
Cooling Ladle 9 Min
Ladle O Ladle Outlet 16
Tower 02 ] Casting 38 Min
Tundish Tundish Outlet 29
Ambien
) Scrap Info
Cooling Water Info
i . Weight 9970 Kkg
Estimat Temperature Rise 13+c
Furnace Pressure 38 psi
I 0 < I 0 < n o] <

Figure 4.5: Plant view that displays whole process information

sample is represented by the data in the tables.
Furnace View

More thorough information on the furnace can be found in the furnace view. The
molten steel temperature was one example of generic information about furnaces in
Plant View, but this view has more precise calculations and data that almost entirely
covers all aspects of furnace information. Furnace view of web app is is depicted in
Figure 4.7 and mobile app is depicted in 4.8. As can be seen, the information for each
batch comprises a lot of information on the furnace, including its running time, energy
losses, and power usage. On the basis of this information, calculations are made, and

the outcomes are used to create the graphs displayed in the Plant View.
Ladle View

The Ladle View contains extensive information regarding practically every component

of Ladle, much like the Furnace View does. Similar to Furnace, this information is used

35



CHAPTER 4: RESULTS AND DISCUSSION

Home Furnace Ladle Tundish Pumps Motors Compressors Cooling Tower  Pollution Control Plant

Jan 10, 2022 < A239(Mm) > < 10 >

Composition
Method Fe-10 Comment Sample Name FINAL
Length 10 Heat No. A239(M) Time 05:53 AM
C{%) Mn (%) Si (%) S (%) P (%) Sn (%) Cr (%) Ni (%)
& (1) 00.250396 00.685149 00.245867 00.034702 00.033288 00.015597 00.150201 00.132596
Mo (%) Cu (%) Al (%) V(%) Co (%) Nb (%) Ti (%) W (%)
¢ (1) 00.027110 00.286683 00.028731 00.002845 00.006156 00.000826 00.001239 00.002418
Pb (%) ca (%) Sb (%) B (%) Zn (%) N (%) O (%) Fe (%)
o (1) 00.002504 00.000525 00.003106 00.0030831 00.030000 40 98.011953
CUE (%) CE (%)
& (1) 00.364668 00.428571

Figure 4.6: Composition view of web application

Home Furnace Ladle Tundish Pumps Motors Compressors Cooling Tower  Pollution Control Plant

Furnace Dec 3,2021
Batch Cooling Water Operating Termperature Power
N - . Energy Losses (Per Batch)
No. Info Time Deviation Consumption
it - - Cooling
TempRise Pressure Top Side Walls  Electricity Bottom
Water
1 14 °c 38 Psi 158 Min 26 6620 KW 245.3 KW 43.4 KW 4237 KW 0.93 Kkw 21.74 kw
2 12°C 38 psi 144 Min 27 6260 kKw 241 Kw 43.4 KW 42.3 KW 0.93 Kw 217 Kw
3 13°c 38 psi 208 Min 27 6370 Kw 241 Kw 43.4 KW 43 Kw 0.93 kw 22 KW

Figure 4.7: Furnace view of web application

in the calculations on the back end, and the outcomes are used in the graphs displayed
in the Plant View. Figure 4.9 displays ladle view of web application and figure 4.10

shows ladle view of mobile application.
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Furnace =

Batch Date Dec3, 2021

Batch No. 1

Bach Time 22:20:00
Temperature Rise 14-c
Pressure 38 psi

Operating Time 159 Min

Power
Consumption 6620 Kw

Furnace
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L e T

Batch Date Dec 3, 2021

Batch No. 2

Bach Time 01:05:00
Temperature Rise 12+
Pressure 38 psi
Operating Time 144 min

Power
Consumption 6260 Kw

B Xl 3%

Furnace =

Batch Date Dec 3, 2021

Batch No. 3

Bach Time 03:37:00
Temperature Rise 13 ¢
Pressure 38 psi
Operating Time 208 Min

Power
Consumption 6370 kw

Energy Losses (Per Batch) Energy Losses (Per Batch) Energy Losses (Per Batch)
Top 245.3 kw Top 241 kW Top 241 kw
Side Walls 43.4kw Side Walls 43.4 1w Side Walls 43.4 kW
Electricity 42.37 kw Electricity 42.3kw Electricity 43 kw
Cooling Water 0.93 kw Cooling Water 0.93 kw Cooling Water 0.93 kw
Bottom 2174 kw Bottom 21.7 kw Bottom 22 kw

1 O 'Y Il o £ i (@] 4

Figure 4.8: Furnace view of mobile application

Home Furnace Lladle Tundish Pumps Motors Compressors Cooling Tower Pollution Control Plant

Ladle Dec 3,2021
Batch No. Transportation Time Termperature Deviation Power Consumption Energy Losses (Per Batch)
Top side Walls Bottom
1 14 Min 2 1.82 kw 55.45 Kw 18.6 KW 13.1 Kw
2 1 Min 28 2.6 KW 34.46 KW 32.26 KW 8.14 Kw
3 9 Min 16 2.6 KW 33.84 KW 18.6 KW 7.99 KW

Figure 4.9: Ladle view of web application

Tundish View

The detailed information is available on Tundish View. The Tundish View of web

application is seen in Figure 4.11. Information is used for calculations on the back end,
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Figure 4.10: Ladle view of mobile application

and then outcomes are shown on front-end app. Figure 4.12 shows tundish view of

mobile application.

Home Furnace Ladle Tundish Pumps Motors Compressors Cooling Tower Pollution Control Plant
Tundish Dec 3,2021
Batch No. Operating Time Termperature Deviation Energy Losses (Per Batch)
Top Side Walls Bottom
1 34 Min 9 34.29 kW 3.04 kW 321 Kw
2 37 Min 28 55.17 KW 11.64 Kw 19.5 KW
3 38 Min 29 49.27 kw .64 Kw 18.84 kw

Figure 4.11: Tundish view of web application
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Figure 4.12: Tundish view of mobile application

4.3 Systems Engineering Perspective

The main goal of this study was to manage it according to the systems engineering
principles. This was a complex problem because a lot of components and modules
were included in it. All the modules used in it are from diverse domains for example,
hardware such as sensors and single chip computers, software such as mobile applica-
tion, web application and database application. All these components and modules
are dependent on each other so, there are integrated in such a way that they can inter
communicate wisely. These components are integrated with each other in such a way
they can share information with each other. The complexity of the system is that all

the components are dependent on each other.
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Conclusion

5.1 Conclusions

In this chapter, we’ll conclude our work along with some recommendations for future

directions.

Previously industries were working manually according to traditional set of rules. There
was no efficient way or cost effective way to monitor their performance automatically.
To address this issue we created an integrated industrial monitoring system that shows
real-time updates of the machines running in industry. Significance of the system is
that, it provides aid in decision making when something is not going well in industry.
There is one plant view four major dashboard views: 1) furnace view, 2) ladle view, 3)
composition view and 4) tundish view. All of the views hold their respective data such
as temperature, power consumption, energy loss and operating time. Whereas plant
view is main dashboard where only important information is displayed that is coming
from sensors and MATLAB model, simply the plant view is the bird eye view of the
whole process. It not only displays statistics but also displays video stream coming from
an [P camera. When the temperature, composition or operating time consumption is
not in acceptable range, the operators can visualize it on screen and can also see the
video stream of the camera covering the equipment and can take necessary actions to

avoid disasters. This system is not very costly, scale-able and user can view all the
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statistics in single screen.

If we talk about Systems Engineering perspective, this was a complicated issue since
it had several parts and modules. Each module contains several components that
are coming from a variety of fields, including hardware like sensors and single-chip
processors and software like mobile applications, web applications, and database. Due
to the interdependence of all these parts and modules, they have been integrated to

allow for intelligent intercommunication.

5.2 Future directions

We have implemented this system to monitor everything happening in industry. We
foresee, in future we will extend this system to automatically take actions on the
bases of sensors’ response. We will integrate our system with control switches so
that automatically take switch on and off, shutdown and restart the equipment when
something goes wrong. This is a standalone application and works for one industry but
it can be extended in terms of network. In future we will work for a client server model
of this application where all the applications of multiple industries will be connected
to a server and the server side of the application will displays in important information

regarding all client applications.
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