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SUMMARY

This project was carried out at the Biskria Cement Plant with the aim of addressing
the issue of mismatching the type of bulk cement loaded into trucks with customer
orders. To tackle this problem, we developed a smart application that primarily
relied on the Python programming language, along with the use of several auxiliary
programming tools. A Programmable Logic Controller (PLC) from the S7-1200
series was employed using the TIA Portal development environment .Additionally,
an artificial intelligence technique was implemented to recognize truck license
plate numbers using Python libraries. Database creation and management were
handled using the MySQL tool. The smart application will be able to verify
product and customer order database accuracy and grant the necessary permissions
to initiate the loading process. The newly integrated system was tested in real-
world conditions and proved its effectiveness by delivering accurate and
satisfactory results. This project allowed us to successfully achieve our objectives,
particularly in improving the reliability and precision of the cement loading
process. It also contributed to enhancing our technical competencies and expanding
our understanding of the integration between industrial automation programming
and artificial intelligence technologies.
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General problem

The main problem is the possibility of errors during the bulk cement loading
process, as customers may be provided with a different type of cement than what
was ordered. This is due to the lack of an accurate digital system that ensures the
loading product type matches customer orders. Furthermore, it is difficult to verify
the type of cement inside the truck, unlike cement packaged in bags, which can be
easily identified by the color of the bag or the outer label.




General Introduction

One of the pillars of economic growth is modern industry, which is always
changing due to the quick development of new technologies and the broad use of
intelligent and artificial intelligence-powered solutions. the cement industry, a
vital component of infrastructure and building projects, is one of the industries that
has profited the most from this digital revolution. [I]

This industry depends on complex, highly regulated processes that demand
precise monitoring and control to ensure operational efficiency, safety, and final
product quality. Consequently, digital transformation, artificial intelligence
and process automation have become essential components in achieving high-
performance industrial operations. [1]

Smart industrial applications and intelligent automation technologies offer
significant potential for enhancing process efficiency by enabling accurate data
acquisition, improving data-driven decision-making, reducing human error
and accelerating operational response times. In the cement manufacturing sector,
these technologies spport improvements in raw material handling, production
consistency, and the coordination of logistics and distribution processes. [I1]

Despite the widespread use of traditional automation systems in many cement
plants, continuous optimization using Al-based solutions remains essential to meet
the growing demands for productivity, quality, and sustainability.

This thesis aims to enhance the truck inspection process in bulk cement
loading operations by developing a smart application using OpenCV technology.
This application enables truck license plates to be read and compared to a central
database to ensure compliance with loading requirements, including the type of
cement required. This solution contributes to increased accuracy and speed of
operational processes through its integration with the Distributed Control System
(DCS), enhancing control efficiency and streamlining workflow within the plant.

Chapter 1: This chapter provides a comprehensive overview of the cement
production facility (Biskria Cement), including an overview of the production line
and the overall process.




Chapter 2: This chapter explains the architecture of the distributed control system,
covering both hardware and software aspects. It describes the main hardware
components, such as programmable logic controllers (PLCs), sensors, actuators,
I/0 modules, and servers. From a software perspective, it explains the role of
advanced tools such as PCS7, TA Portal, SQL, and Python in achieving robust
process control and data management. Chapter Three: Application Development
and Integration with the Factory Environment

Chapter 3: This chapter focuses on the design and implementation of the smart
application, explaining how to use OpenCV to capture and process license plate
Images, how to interact with the TIA Portal for real-time control, and how to use
MySQL to manage the database. It also discusses how to integrate the application
with the factory system to ensure automatic truck verification and improve cement
loading efficiency.
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CHAPTERL: AN OVERVIEW OF THE CEMENT MANUFACTURING PROCESS AT BISKRIA CEMENT FACTORY

1.1. Introduction:

Cement is an essential pillar in the construction sector, as it is the vital
component of the construction of infrastructure and infrastructure thanks to its
physical and chemical characteristics that give it durability and rigidity. Here,
BISKRIA CEMENT stands out as one of the leading cement production and
distribution companies, with its ability to meet the market's needs with high quality
products and world standards.

This chapter aims to provide a comprehensive overview of BISKRIA
CEMENT, from its definition and areas of activity, to reviewing its technologies
used at various stages of production. We will also highlight basic industrial
processes, from raw material preparation to processing and manufacturing
processes, helping to understand the production cycle.

1.2. Presentation of SPA Biskria Cement;:
1.2.1. Definition of Biskria Cement: ‘

BISKRIA CEMENT is a Societé Par
Actions (S.P.A), a private company under B Rl @
Algerian law, established in January 2009. Its Ay ~V .
primary mission is the production and ’
commercialization of cement. The company
consists of a single entity located at its
headquarters. All its shareholders are private

Algerian economic operators[1].

Figure 1.1 : SPA BISKRIA

1.2.2. Headquarters : CEMENT
e Address: DJAR BELAHRACHE, e
BRANIS, Wilaya of Biskra 07000, T T
ALGERIA ~ 7~
e Phone: +213 (0) 3362 74 62 C
e Fax: +213(0) 3362 7392 SO ) G2l
e Email: biskria.spa@gmail.com
e \Website: biskriaciment-dz.com [3] Figure 1.2 : Logo SPA BISKRIA
CEMENT
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1.2.3. Legal Framework :

Company Name: BISKRIA CEMENT

Legal Form: Société Par Actions (Joint-stock company)
Date of Establishment: January 2009

Business Activity: Cement production and commercialization
Share Capital: 4,284,000,000 DA

1.2.4. Services :

SPA BISKRIA CEMENT operates in three main sectors:

e Administrative Sector: Includes administrative services responsible for
managing the company.

e Industrial Sector: Comprises three production lines with a total capacity of
5 million tons per year.

e Commercial Sector: Includes sales and shipping services. [1]

1.2.5 Organigramme de I'entreprise :

CEO
Chief executive officer

Administrative Commercial
D. Production D. Performance D. Maintenance
Quality Process Environnment

Figure 1.3 : Organigramme de I’entreprise

| I

i
1
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1.2.6. Products :

SPA BISKRIA CEMENT produces high-quality cement, under a quality
management system certified to I1SO 9001 standards. The products are
systematically tested by the company’s laboratory and periodically evaluated by
CETIM (Center for Studies and Technological Services of the Building Materials
Industry).

The following figure presents the different types of cement produced by BISKRIA
CEMENT:

CIMENT PORTLAND
COMPOSE )

CEM II/B-L 32,5 R

CIMENT PORTLAND
CEM | 42.5R

CIMENT PORTLAND
COMPOSE
CEM II/A-L 42.5 R

CIMENT PORTLAND
CEM | 52.5R

CIMENT RESISTANT
AUX SULFATES (CRS)
CEM | 42.5 N SR3 LH

CIMENT PORTLAND
CEM II/B-L 42.5N

Figure 1.4: Types of cement produced by BISKRIA CEMENT.




CHAPTER1: AN OVERVIEW OF THE CEMENT MANUFACTURING PROCESS AT BISKRIA CEMENT FACTORY

1.3. Cement Manufacturing Process :

The raw mix is prepared from a combination of limestone and clay, adjusted and
corrected with sand and iron ore [3].

The cement manufacturing process is divided into five main stages:

Extraction Zone

Raw Materials Zone
Clinker Firing Zone
Cement Grinding Zone
Packaging Zone

1.3.1 Extraction Zone :

a. Raw Material Extraction :

Raw materials are extracted from quarries in the form of blocks of various
sizes. The extraction process involves obtaining limestone from the Djebel M'hor
open-pit quarry and clay from Djebel Etaref, located 15 km away.

These raw materials are extracted from rock formations using explosives,
mechanical shovels, or bulldozers [4].

Once extracted, limestone and clay are transported by dump trucks to a
storage area. Additionally, clay and iron ore are purchased and transported by
trucks to a separate storage facility.

Figure 1.5: Limestone Quarry
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b. Crushing :

The crusher’s role is to reduce the raw materials to a size suitable for the
grinder. The raw materials are provided by the quarries in large chunks and must
be crushed to the desired granulometry (0 — 25 mm) [4].

c. Raw Material Storage :

After the crushing operation, the materials are reduced to a granulometry of 0
to 25 mm. These materials are then conveyed to the primary stock (storage hall)
using covered conveyor belts for pre-homogenization. The storage area includes:

> Limestone stored in a circular hall with two white and red polar structures,
each with a capacity of 40,000 tons.

» Clay stored in a green polar structure with a capacity of 40,000 tons.

Figure 1.6: Storage Polars
1.3.2 Raw Material Zone :

a. Pre-homogenization :

The raw material is spread in successive horizontal layers, which eventually form a
pile with the desired overall composition. The layers are then taken vertically,
allowing continuous extraction of material with a consistent composition. The
material is retrieved from the pre-homogenization piles by bucket wheels, and pre-
homogenization is achieved using a raking arm that rotates around an axis within a
hall [4].
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b. Dosing:

The dosing of the different components is automatically controlled at the entrance

of the grinder.

The raw material and consisting of a
mixture of correction raw materials in of the
proportions which are defined according to the
values of the raw chemical modules, in general
the raw material consists of 70% limestone,
20% clay and 10% between sand and iron ore,
four dosers are installed under the hoppers,
limestone and the clay and iron ore and sand
are respectively extracted by these measuring
devices, each dispenser is automatically
systematized, the raw materials extracted are
loaded onto a single belt conveyor and
transported to the raw mill.

c. Raw Grinding :

The grinding and drying of the raw
mix is carried out at a rate of 500
tons per hour in a vertical roller mill
with a central discharge, which
includes one drying compartment
and two grinding compartments.
Drying is achieved using kiln gases
at 320 — 330°C during normal
conditions for a moisture content of
5.5%.

To promote subsequent chemical

Figure 1.7 : Doser

Figure 1.8: Raw Grinding Mill

reactions, the raw materials must be dried and finely ground to 90 um in vertical
roller mills. These more recent mills are energy-efficient and allow for more

effective drying [4].

10
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d. Homogenization :

The powder obtained at the
output of the grinder is called raw
meal. This raw meal is sent to a
storage  silo  known as the
homogenization silo, with a unit
capacity of 20,000 tons.

The most commonly used method
for homogenization is the injection of
air at the bottom of the silo, which
helps to fluidize the raw meal [5].

Figure 1.9 : Raw Meal Homogenization Silo

1.3.3. Firing Zone :
a. Preheater or Cyclones :

The plant has two 5-stage preheaters that supply
the rotary kiln in parallel. During this stage, the
mixture is introduced into the upper part of the
preheating/precalcination tower. Inside the tower,
five cyclones, funnel-shaped structures stacked one
inside the other, receive the raw mix in turn. As the
raw mix cascades down, it comes into contact with
the gases from the kiln. The raw mix, which is further
mixed, begins to gradually heat up as it approaches
the kiln, thus avoiding thermal shock from the drastic
temperature change (from 20°C to 1400°C). At this
point, the raw mix starts a decarbonation process.

To assist in this process, an additional burner is
added in the lowest cyclone to keep the gases at a
higher temperature, between 800°C and 1000°C [7, 8,
9].

Figure 1.10 : Preheating
Tower
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This technique is called "precalcination” because the material reaches the kiln
entrance with a temperature close to the firing temperature.

b. Rotary Kiln :

The rotary kiln is the centerpiece
of the cement plant. It consists of
a cylindrical shell that is 74
meters long and 5.2 meters in
diameter, protected by refractory
bricks, and tilted at a 3% angle
relative to the horizontal. The
flame, the main element of the
Kiln, reaches a temperature of

about 2000°C and Is generated by Figure 1.11: Rotary Cement Kiln
the combustion of natural gas.

The raw mix enters the upstream part of the kiln. This section helps to raise the
temperature of the raw materials to about 800-900°C, thus completing the
decarbonation of limestone. The material then moves to the clinkerization zone,
where temperatures reach approximately 1450°C. At this temperature, reactions
between lime and oxides (SiO2, Al:Os, Fe20s) form silicates, aluminates, and
calcium alumino-ferrites, which constitute the clinker.

c. Cooler:

At the exit of the rotary kiln, the clinker must be cooled to preserve its
chemical formula, by a cooler has grates it is equipped with a battery of powerful
fans supplying cooling air.

The role of the cooler is to lower the temperature of clinker falling from the
furnace to a temperature from about 1135 c up to 80-100 c, the clinker will
progress inside thanks to the Repeated strokes of the grids on which it rests,
through the grids of powerful fans will blow under the clinker to cool it
andtransported with a clinker silo conveyor. [1].

12
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Figure 1.12: Cooler

d. Clinker Storage:

The clinker appears as small
granules, roughly the size of a
hazelnut. It is conveyed by belt
conveyors to the clinker silo, where it
Is stored until it is ready to be ground
into cement. The storage capacity of
each silo is 40,000 tons [4].

Figure 1.13: Clinker Silo
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1.3.4 Cement Zone :
a. Clinker Grinding :

Clinker  grinding is carried out
continuously in grinders fed from the clinker
stocks and other components and additives.

The grinding process aims to reduce the
clinker aggregates into powder and, on the
other hand, to add gypsum (which regulates the
setting process), along with any other potential
components (such as pozzolana, limestone,
etc.). This allows for the production of different
standardized cement types .

This type of grinder, which allows for the
grinding of clinker with the addition of
additives, is called a "cement grinder" [5].

b. Storage :

f
b

=

Figure 1.14: Cement Grinder

At the output of the grinder, the cement is transported to silos (there are six silos)

with a capacity of 20,000 tons each.

Figure 1.15: storage silos

14




CHAPTER1: AN OVERVIEW OF THE CEMENT MANUFACTURING PROCESS AT BISKRIA CEMENT FACTORY
S —

1.3.5 Packaging Zone:

Cement is transported to storage silos by air or mechanical transport. Each
storage silo feeds filling stations for packed cargo in bags (. Bags usually contain
25 or 50 kg) or loading and delivery systems for bulk shipments. Shipping includes
storage of cement, packaging for delivery in bags or large quantities, and loading
on transport vehicles (trucks). This represents the factory interface with the
customer.

The methods used to ship cement can be seen in the following images.

Figure 1.18: Raw Cement Packaging (Clinker)
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1.4 Conclusion:

In this chapter, we provided a comprehensive overview of the BISKRIA
CEMENT plant, illustrating the different stages of cement production and the basic
steps in its preparation. We also reviewed the production line, highlighting key
processes that contribute to the efficient functioning of the manufacturing process.

Since production efficiency relies heavily on the precision of industrial
process control to ensure production quality and operating efficiency, modern
control systems, such as DCS (Distributed Control System), play a pivotal role in
industrial process management. In the next chapter, we will talk about these
systems, explaining their working mechanisms and their importance in improving
and enhancing operational stability and ensuring production according to the
required standards.

16



2,

CHAPTER 2

DCS NETWORK ARCHITECTURE
AND SOFTWARE TOOLS UTILIZED
IN THE PROJECT

£y
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I1.1. Introduction :

The cement industry relies on complex processes that require high precision
and control to ensure operational efficiency and final product quality. Distributed
control systems (DCS) are the cornerstone of industrial automation, providing an
integrated operating environment that enables real-time monitoring and intelligent
control at various stages of production.

DCS systems are capable of integrating hardware and software into a
distributed network, allowing for efficient process coordination and data
management. Programmable logic controllers (PLCs), and advanced industrial
software tools like PCS7 and the TIA PORTAL are all part of these systems.

This chapter provides an overview of the (DCS) in the BISKRIA CEMENT
FACTORY, explaining how they work, their main components, the associated
industrial software, and the software used to develop our smart application.

11.2. DCS
11.2.1. Definition of Distributed Control System (DCS)

Distributed Control Systems (DCS) are advanced control systems used in
industrial automation and process control. They play a crucial role in managing
complex processes, ensuring safety, and optimizing efficiency.

DCSs are wused in several industrial facilities like pharmaceutical
manufacturing, oil refineries, chemical plants, and petrochemical plants.

DCS allows prompt monitoring and control of various plant processes by
distributing control tasks across multiple controllers. DCS provides a more

flexible and scalable solution compared to traditional centralized control
systems. This enables industries to adapt to changing requirements and maintain
high levels of performance and reliability.[6]
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11.2.2 Architecture of Distributed Control System

As the name suggests, DCS
has three main qualities. The
first one is the distribution of
various control functions into
relatively  small  sets  of

subsystems, which are of 1 i
semiautonomous,  and  are / SCADA/HMI @ \
interconnected through a high-

. . Level 1 P m PR
speed communication bus. Some /aLc/ocs =) g e

of these functions include data o —— a—

acquisition, data presentation, /ensors "é" ED E

process  control, process Actuators : -

supervision, reporting Figure I1.1: ISA-95 Architecture for Industrial

information, storing and

: ) _ Automation Systems
retrieval of information.

The second attribute of DCS is the automation of manufacturing process by
integrating advanced control strategies. And the third characteristic is the arranging
the things as a system. DCS organizes the entire control structure as a single
automation system where various subsystems are unified through a proper
command structure and information flow.[7]

A Distributed Control System consists of several key components that work
together to monitor and control an industrial process plant. These components
include controllers, input/output (1/0) modules, human machine interfaces (HMI),
and communication networks.[8]

As shown in Figure I1.1. bellow, the information and communication side of
existing industrial automation control systems are traditionally depicted as a
“Pyramid” following the ISA-95 standard. In the ISA-95 pyramid, 5 layers are
defined from top to bottom including enterprise resource planning (ERP),
manufacturing execution systems (MES) (level 3), supervisory control and data
acquisition (SCADA) (level 2), the controller (PLC) and Input/output units (level
1) And finally field level (sensors and actuators) (level 0). [9]
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The structure of the distributed control system (DCS) is typically divided into
multiple functional levels, each with specific roles in the system as a whole. Below
Is the distribution system structure of the BISKRIA CEMENT FACTORY:

[ DCS ARCHITECTURE FOR SPA BISKRIA CEMENT ]

ERP

Enterprise Resource Planning

LEVEL 3

2N
LEVEL 2 terminal bus(Ethernet)
—~ [
A ity
) P our smart app
LEVEL 1 : plant bus /

] Y
PLC S7400 PLC S7400 PLC S7400 PLC S7400 PLC S7400 PLC S7400
CRUSHING RAWMIL UP STREM DOWN STREM CEMENT MILL PACKING

/\ KILN KILN

N
LEVEL 0 In/out units proflbus
PLC 1200
PLC 1500

This is where we
implemented

Figure 11.2: DCS ARCHITECTURE FOR SPA BISKRIA CEMENT

11.2.3. A description of a DCS system's hardware and software:

A DCS is a combination of the concept of a simple local control loop and
computer networks. Distributed control systems have enormously improved the
management of industrial procedures with more flexibility and safety. DCS allow
centralized driving and surveillance and control.
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A DCS refers to a process control system, in which the regulatory elements
are not centralized (such as the brain) but distributed with each subsystem under
the control of one or more regulators. The entire elements of the system can be
network connected to perform communication, driving and surveillance
functions.[10]

The DCS at the BISKRIA CEMENT FACTORY is made up of a number of
industrial computers that serve as an interface for controlling and monitoring
different production stages. These computers are connected to controllers that are
based on microprocessors to process production-related data. The system and field
equipment, such as sensors and triggers dispersed across the production units, are
interfaced by input/output units. Additionally, industrial contacts that facilitate
communication with other subsystems based on programmable automation have
been included, along with a variety of field and information communication
networks that guarantee the simplification of data transmission between units. The
flexible and sophisticated structure of this system at the Biskara facility enables
precise data collection and processing, supporting ongoing monitoring and
enhancement of the production process's quality.

Includes typical architecture for any DCS system:

e A set of computers used as a driving and supervision interface.

e [nput/output cards used as an interface with the industrial process.

e Communication interfaces used to communicate with other PLC-based
subsystems.

e Communication networks (field, control and information).

The DCS can be connected in parallel with other systems (ESD: Emergency
Shut Down "Emergency stop"; F&G: Fire & Gas "Fire protection") or with PLC by
the different communication protocols.[11]

The PLC used in the distributed control system (DCS) is a Robust type,
ensuring stable and continuous process control. This means it is highly robust and
can withstand harsh industrial conditions such as vibration, high temperatures, and
electrical disturbances. These devices are already in use at the biskria cement plant
due to their reliability and suitability for the local industrial environment.
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11.2.4. The advantages of DCS systems

The major advantages of functional hardware distribution are flexibility in
system design, ease of expansion, reliability, and ease of maintenance. A big
advantage compared to a single-computer system is that the user can start out at a
low level of investment. Another obvious advantage of this type of distributed
architecture is that complete loss of the data highway will not cause complete loss of
system capability. Often local units can continue operation with no significant loss
of function over moderate or extended periods of time. Moreover, the DCS network
allows  different modes of control implementation such as
manual/auto/supervisory/computer operation for each local control loop. In the
manual mode, the operator manipulates the final control element directly. In the auto
mode, the final control element is manipulated automatically through a low-level
controller usually a PID. The set point for this control loop is entered by the
operator. In the supervisory mode, an advanced digital controller is placed on the
top of the low-level controller.

The advanced controller sets the set point for the low-level controller. The set
point for the advanced controller can be set either by the operator or a steady state
optimization. In the computer mode.

One of the main goals of using DCS system is allowing the implementation of
digital control algorithms. The benefit of digital control application can include:

e Digital systems are more precise.

e Digital systems are more flexible. This means that control algorithms can be
changed and control configuration can be modified without having rewiring
the system.

e Digital system cost less to install and maintain.

e Digital data in electronic files are easier to deal with. Operating results can
be printed out, displayed on color terminals, stored in highly compressed
form.[12]
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11.3. PCS7
11.3.1. What is the PCS7

SIMATIC PCS7 is a comprehensive process
control system offered by Siemens, designed for
various industrial applications. It provides
powerful engineering, efficient remote-control
capabilities, and seamless integration with

Siemens' Totally Integrated Automation (TIA)

ecosystem. PCS7 enables optimization of

operations from ERP and MES levels down to the

field level, offering flexibility, scalability, and V9 O
security. Siemens offers comprehensive training ¢ Fuu

courses on the standard and expansion functions
of the PCS7 system to provide a thorough

understanding of this automation technology.[13] Figure 11.3: LOGO OF PCS7

11.3.2. The main features of Simatic PCS7:
1. Engineering:

The system offers powerful engineering tools for configuring, programming, and
maintaining process automation systems. It includes libraries of preconfigured
objects and function blocks, as well as a graphical interface for easy configuration
and visualization.

2. Distributed Control System (DCS):

SIMATIC PCS7 functions as a DCS, allowing for centralized control and
monitoring of various field devices, such as sensors, actuators, and controllers. It
supports communication protocols like Profibus and ProfNet, enabling seamless
integration with a wide range of automation components.

3. Process Visualization:

The system provides a user-friendly interface for operators to monitor and control
the industrial processes. It offers graphical representations of the process, including
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real-time data, trends, and alarms, allowing operators to make informed decisions
and respond quickly to any abnormalities.

4. Process Control:

SIMATIC PCS7 offers advanced control strategies to optimize process
performance and ensure safe and efficient operations. It supports various control
functions, such as regulatory control, sequential control, and advanced process
control (APC), allowing for precise control and automation of complex processes.

5. Redundancy and Fault Tolerance:

To ensure high availability and reliability, SIMATIC PCS7 offers built-in
redundancy features. It allows for redundant controllers, redundant communication
networks, and redundant 1/0O modules, ensuring continuous operation even in the
event of a failure.

6. Integration with Other Systems:

SIMATIC PCS7 can be easily integrated with other systems and applications, such
as enterprise resource planning (ERP) systems, manufacturing execution systems
(MES), and asset management systems. This enables seamless data exchange and
provides a comprehensive view of the entire production process.

7. Safety and Security:

The system includes comprehensive safety features to protect personnel,
equipment, and the environment. It supports safety instrumented systems (SIS) and
complies with relevant safety standards. Additionally, SIMATIC PCS7
incorporates robust security measures to protect against unauthorized access and
cyber threats.[14]

11.3.3. industrial applications for pcs7

Siemens' SIMATIC PCS 7 is a cutting-edge industrial automation tool, used
in a wide range of vital applications such as emission control, operational quality
and operational safety. It has proven successful in many industries, including the
cement industry; Biskara Cement Plant relies on this system to enhance
performance efficiency and ensure product quality and continuity of operations.
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The following images represent some of the uses of this system in the Biskria
factory.

P

Figure 11.5: SILO PLAN FROM ABOVE
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Figure 11.6: CDRIVE

Figure 11.7: CMEASURE
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Figure 11.8: PID

11.4. TIAPORTAL

11.4.1. Overview of Siemens TIA Portal

The TIA Portal is an integrated engineering platform from
Siemens that provides efficient software development, testing
and commissioning for automation systems. It enables the
management of PLCs, HMIs, drives and peripherals within a
single framework. TIA Portal improves software quality and
reduces engineering costs through agile development methods
and scalable solutions. New subscription models offer flexibility
for individual needs and improve efficiency, adaptability and
security in automation. [15]

Figure 11.9: TIA
PORTAL LOGO
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Figure 11.10: Project view in TIA PORTAL V15.1

At the Biskria cement plant, the TIA Portal is a key component in driving
industrial automation. It offers robust support for various programming
languages—including Ladder Logic and Structured Control Language (SCL)—to
meet diverse operator and engineering requirements. This platform ensures
smooth, real-time communication between the plant’s automation components,
significantly boosting operational efficiency and system reliability. Its rich library
of pre-configured functions and templates allows engineers to swiftly deploy and
customize control solutions tailored to the specific challenges of cement
production. Furthermore, the open architecture of the TIA Portal enables easy
integration with third-party devices, thereby broadening its application potential
and reinforcing its role as an indispensable tool in the plant’s automation strategy.
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Figure 11.11: Language ladder in the project

11.4.2. Benefits of Using TIA Portal

Proponents highlight numerous benefits of the TIA Portal approach compared
to a collection of separate engineering tools:

/
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Reduced engineering time and costs through an integrated toolchain and
automation.

Easier network configuration through automatic topology detection.

Faster commissioning and plant modifications enabled by bulk download of
hardware configurations.

Improved productivity through unified data models and consistent interfaces.
Enhanced visibility into plant status with integrated diagnostic tools.

Lower training costs due to a common development environment.

Decreased risk of errors or data inconsistency across tools.

Centralized data management for version control, backup and collaboration.
Reusable standardized libraries encourage programming best practices.
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++ Scalability to large automation projects with thousands of hardware devices.

¢ Tighter integration between SIMATIC components without external
interfaces by following rigorous testing methodologies, Siemens aims to
deliver high reliability and quality standards for TIA Portal. Frequent
updates incorporate customer feedback into ongoing improvement.[16]

11.4.3. Applications of TIA Portal in Various Industries

TIA Portal, a comprehensive automation software platform by Siemens,
offers versatile applications across various industries. Its integration capabilities
facilitate seamless operation in manufacturing, energy, and transportation sectors.
By providing a unified engineering environment, TIA Portal enhances productivity
and reduces time-to-market for industrial projects.

In manufacturing, TIA Portal enables efficient control and monitoring of
production lines. Its advanced simulation tools allow engineers to test and optimize
processes before implementation, minimizing downtime. The software also
supports Industry 4.0 initiatives, promoting smart manufacturing practices.

In the energy sector, TIA Portal aids in the management of power distribution
networks and renewable energy systems. Its robust data analytics capabilities
provide insights for improving energy efficiency and reliability. Additionally, TIA
Portal’s interoperability with other Siemens products ensures comprehensive
solutions for diverse industrial needs.[17]

11.4.4. Recent modifications

Version 20: It has advanced tools such as new PLCs support, cloud
integration and  artificial intelligence, leading to performance and
collaboration.

These features make TIA Portal a powerful tool in industrial accounting,
combining integration, efficiency and security in one platform.[18]
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11.5. Python
11.5.1. What is Python?

The Python programming language was
created in 1989 by Guido van Rossum in the
Netherlands. The name Python comes from a
tribute to the TV series Monty Python’s Flying
Circus Which G. van Rossum is a fan of. The first
version public of this language was published in
1991.

The latest version of Python is version 3.
Specifically, version 3.11 was released in October
2022. The Python version 2 is outdated and no
longer maintained, avoid using it.

The Python Software Foundation 1 is the
association that organizes the development of
Python and animates the community of developers
and users.[19]

11.5.2. Python Advantages

Python has many features including:

Figure 11.12: LOGO OF
PYTHON

e Simple Python is not difficult to code and simple to peruse when contrasted
with different dialects like Java, C, C++, and so on Python sentence structure
can be examined by anybody during a brief timeframe. Python code resembles
English that permits the student to zero in on the outcome.

e Expressive Python can execute a convoluted capacity with a couple of lines

of code contrasted with different dialects.

e Free and Open-Source Python is open source and uninhibitedly accessible.
The general population can help and add to the improvement of the language.
The Python source code can be downloaded, changed, utilized, and be

dispersed.
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e Significant level language Python is an undeniable level language. There is
no requirement for recollecting the engineering and memory the board which
makes python entirely great.

e Deciphered Language Python is a deciphered language. The code doesn't
require aggregation, they are executed line by line and not all at a time which
makes troubleshooting the code more straightforward than the wide range of
various dialects. Along these lines

e Object-Oriented Python upholds an article arranged approach which assists
the software engineer with composing reusable code and help in fostering the
application with lesser code.

e Extensible and installed the extensible property of Python permits code to
be composed and ordered in different dialects like C or C++. This code then, at
that point, can be utilized further in Python when required. The inserted
property of Python permits is permitting the utilization of Python in another
programming language.

e Enormous Standard Library Python alongside the enormous standard
library accommodates a huge scope of modules and capacities. So the software
engineer doesn't have to compose the code, they can simply import it
Powerfully Typed Python is supposed to be a powerfully composed language
since it doesn't have to indicate the information sort of the variable while
proclaiming it. The sort of significant worth is chosen during the run time.

e Web improvement Python is a go-to language for web improvement.
Django, Pyramid, Flask, Bottle are a portion of the structures presented by
Python. Python web structures are well known for their security, adaptability,
and adaptability. Demands, Beautiful Soup, Paramiko, Feedparser, Twisted
Python, and so on, are libraries that additionally remembered for the Python's
Package Index.

e Game turn of events Python has many in-constructed libraries that are good
for fostering a game. PyGame, PyKyra are structures for game turn of events
and PySoy is a 3D cloud game motor for Python3.

e Man-made brainpower and Machine Learning Man-made brainpower
and Machine Learning is one of the rising themes and will be gone on from now
on. Python is famous and positive to be utilized in Artificial insight and Al
because of its personality of being steady, secure, adaptable, and of its different
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devices. Some of Python libraries and structures utilized in Artificial
Intelligence are SciPy, Pandas, Seaborn, Keras, TensorFlow, Scikit-learn,
NLTK, Pytorch, Accord.NET, and so forth. [20]

11.5.3. Integration and Compatibility

Python plays well with others. Its ability to integrate with other languages and
technologies is a significant advantage. Python can invoke C/C++ libraries,
communicate with Java code, and seamlessly interact with databases or web
services. This interoperability makes Python a universal tool in a developer’s
arsenal, enabling complex, multi-technology systems to be created easily.[21]

Python serves as a bridge between databases and industrial control systems
because of its adaptability, where it Take data from the PLC using Modbus or
Snap7.

1.6 MySQL

11.6.1. What is MySQL?

MySQL, the most popular Open-Source SQL
database management system, is developed, distributed,
and supported by Oracle Corporation.

The MySQL website (http://www.mysgl.com/)
provides the latest information about MySQL

software.[25] M I_—l

11.6.2. The main features of MySQL are: _
Figure 11.16: MYSQL

One of the features of My SQL.:

e Open Source & Free of Cost: It is Open Source and available at free of
cost.

e Portability: It can be installed and run on any types of Hardware and OS
like Linux or Mac etc.

e Security: It creates secured database protected with password.
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e Connectivity It may connect various types of Network client using
different protocols and Programming Languages.

e Query Language It uses SQL (Structured Query Language) for handling
database.[26]

11.6.3. Industrial data management using MySQL

MySQL plays an important role in industrial data management thanks to its
scalability, reliability and ability to process complex queries efficiently. Here are
MySQL's most important apps and features in industrial environments:

11.6.3.1. MySQL applications in the industry

¢ Real-time data processing: MySQL can be integrated with 10T devices and
sensors in manufacturing plants to collect and process real-time data for
predictive maintenance and surveillance.

e Data repositories: Used to store large amounts of organized data from
industrial processes, allowing for advanced analysis and reporting.[27]

11.7. Protocol:

11.7.1. Definition of the protocol

The author's definition of a protocol is a method for digital data
communications between two or more devices in different locations, or on a
network.[28]

Globally, there are a variety of industrial protocols that are employed in
control systems such as PLCs and DCS, as well as between connected devices
within the network, such as controllers, sensors, and triggers. Some of these
protocols are for data transfer only, usually used in sensor networks and field areas,
while others are used for both data transfer and implementation of control orders,
allowing for effective integration of the various components of the industrial
system and enhancing its stability and performance.
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11.7.2. Communication Protocols and Network Integration

Modern automation systems mainly rely on industrial communication

protocols and data networks to ensure reliable and rapid information exchange,
achieving scalable operations within various industrial environments. Protocols
such as Ethernet/IP, Profibus and Modbus are among the most commonly used
standards in this area, as they provide efficient communication and easy integration
between system components. Flexible and scalable network designs also enable
future expansion requirements to be met without affecting performance stability or
system reliability.[29]

11.7.3. Network Architecture

Industrial networks typically adopt a hierarchical structure aligned with the OSI
model, integrating:

Field-level devices: Sensors, actuators, and I/0 modules using protocols like
IO-Link or ASi-5.

Control layer: PLCs and SCADA systems communicating via Ethernet/IP
or PROFINET for real-time control.

Enterprise layer: Cloud integration and data analytics using OPC UA or
HTTP/HTTPS.

11.7.4. Types of industrial networks

s Ethernet/IP: Utilizes standard Ethernet technology for high-speed
communication and seamless integration with devices.

s PROFINET: A powerful, open Industrial Ethernet standard providing
real-time communication and flexibility.

« Modbus TCP/IP: A widely used protocol for connecting industrial
devices over Ethernet.

¢ Device Net: An industrial network protocol designed for connecting
simple devices and sensors in a network. [30]
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11.8. Conclusion

This chapter reviewed the detailed structure of distributed control systems
(DCS), explaining its primary role in industrial automation, operating
management, and achieving smooth integration between different factory
components. The main elements of these systems, including control units (PLCS),
and advanced software tools, are also highlighted, as well as data analysis role in
promoting performance and improving decision -making.

Although DCS provides a stable and advanced operating environment,
modern developments in artificial intelligence and data processing provides
additional opportunities to improve performance and enhance the level of
automation. Accordingly, the next chapter focuses on the applied aspect of this
study, where a smart application that benefits from the technologies of computer
vision and databases will be developed to improve truck verification processes,
which contributes to raising the efficiency of the system and reducing operational
errors. In this chapter, we will discuss the steps of development, tools used, and the
mechanism of integration of application with the current system, which constitutes
an important step towards developing a more intelligent production environment
and in response to the requirements of modern industry and more improvement and
innovation in industrial automation.
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I11.1. Introduction

This chapter presents the practical aspect of the project, which aims to
develop a smart application to control the bulk cement filling method, utilizing
High-level programming tools in both IT and OT technologies. The application
addresses a real-world issue observed at the Biskria Cement Plant—namely, the
lack of a reliable method to verify that the customer has been supplied with the
same type of bulk cement they ordered, according to the purchase database and the
invoice they paid.

Unlike packaged cement which can be easily identified by the color of bag
used, Verifying the conformity of bulk cement with the customer's order is
challenging prior to the departure of the customer's truck.

The smart system was designed to enhance the accuracy and efficiency of the
filling process by integrating TIA Portal for programmable logic controller (PLC)
management, OpenCV for image processing and visual recognition, and MySQL
for real-time data storage and traceability. The application was developed using the
Python programming language, serving as the intermediary between the PLC and
the database. It handles data acquisition, implements control logic, and provides a
user-friendly interactive interface. This system contributes to improving the bulk
cement filling process, reducing human errors, and ensuring complete consistency
in the bulk cement filling process at the plant.

11.2. System Overview

The Smart Cement Loading Application is the outcome of a graduation
project aimed at automating the process of loading raw cement into transport
trucks at the loading packing of the Biskria cement plant. The application was
developed to achieve effective integration between modern software technologies
(Python, MySQL., OpenCV) and industrial control systems (TIA Portal, PLC),
with a strong emphasis on enhancing operational accuracy, reducing human
intervention, and ensuring full traceability of each loading operation.
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The application's workflow can be summarized in the following steps:

-The truck climb onto the
scale and stabilizes

-
w
2: the system start Scanning the truck plate
to extract truck registration number.
3: the system connects to the purchase database to
matching the registration number with the client
‘reservation”.
v
h 4
BY PASS vy Compare |

the cement

W

4: the system give
the authorization to
plc

h 4

~ ( 5: start filling )
\ J
v
N——p B:stop and remove {JuthorizcltiorDQ—/

h 4

( 7: the system make an archive. )

Figure 111.1: Cement filling application flowchart
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Figure 111.2: Smart App Workflow Plan

111.3. Development Environment
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This section presents the software tools and hardware components used in
developing and implementing the intelligent cement filling application. The
development environment was selected based on criteria such as compatibility,
performance, and the ability to integrate software and industrial control systems.

111.3.1. Software used :

The development environment for the intelligent raw cement filling
application relied on the integration of three main software tools:

o Python served as the core programming language for building the
application’s logic, designing the graphical user interface, handling data
flow, and establishing communication with industrial devices.
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. MySQL was used as the relational database management system to store
process-related data such as cement type, filling time, and batch information.
This allowed for real-time tracking and structured archiving of operational
data.

o TIA Portal (v15.1) was employed to program and configure the Siemens
S7-1200 PLC, which interacts with the physical components of the system.
It played a crucial role in defining control logic and managing signals
exchanged between the application and the industrial hardware.

Together, these tools formed a cohesive and flexible development stack that
enabled tight integration between digital control, database management, and real-
world industrial operations.

111.2.2 Hardware Components :

Device / Sensor Function

Local PC It hosts a smart app that manages communication with the database
and programmable logic controller (PLC), and provides a graphical
interface that helps control and monitor the filling process.

Camera Takes photos to find the truck's numbering board using OpenCV.

Weight Indicator Scale Measures the quantity of raw cement loaded into the truck with high
accuracy.

Load Cell (Weight Sensor) It is a sensor used to measure weight or force, and converts it into an
electrical signal that can be read via a PLC or other measurement
systems.

Siemens S7-1200 PLC Main controller responsible for executing filling commands

Figure 111.3: table of Hardware Components
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SIEMENS

Figure 111.4 :

Siemens SIMATIC S7-1200
Figure 111.5: The PLC S7-1200 CM 1241 RS 422 / 485

Figure 111.6: weight indicator Scale & Load Cell

S7-1200 : A modular micro-PLC used for small-scale performance requirements
and network connectivity options include the multipoint interface (MPI),
PROFINET, PROFIBUS, or Industrial Ethernet.
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111.4. Database Design:

The database system for the smart cement loading application was designed
using MySQL, with the aim of organizing and storing all data related to loading
sessions in a structured manner that facilitates future tracking and processing.

MySQL Warkbench _

#

File Edit View Datsbase Tools Seripting Help

Welcome to MySQL Workbench

MySQL Workbench is the official graphical user interface (GUI) tool for MySQL. It allows you to design,
create and browse your database schemas, work with database objects and insert data as well as
design and run SQL queries to work with stored data. You can also migrate schemas and data from other

database vendors to your MySQL database.

MySQL Connections ®® q

data’l DATA python

root root newuserl
127.0.0.1:3306 127.0.0.1:3306 192.168.1.189:3306

Figure 111.7 : My SQL Workbench

This project relies on two separate databases, ensuring a clear
separation between commercial processing and industrial operations:

+ The Reference database:

is dedicated to the commercial aspect. It serves as the primary reference
containing all customer information, cement types, and order details. The smart
application connects to this database to retrieve the necessary information before
initiating any loading process, ensuring that all operations are aligned with the
factory's official commercial system.
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@ Views
@ Stored Procedures
B @ Functions
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> @ Tables Yo >
Administration  Schemas
S— Result Grid | I 4} Fiter Rovis: I:l\m: 4 B | eporyimport: B [ | wrep ol Content:
i} FullName TruckSerial CementType TrudkWeight ~ QuantityRequired —
4 SamiFares 6954 CEMI/AL 425 12543 13822.9 Gid
Table: c8r 5 OmarTarig 4083675 CEMI42.5R 13950,3 15000
Columns: Ali Salem 34361728 CEMI42.5R 11235.8 12548.9
D Fshad Yousef 93718564  CEMIIB-L425N  13042.1 14765.8 -
Fulliame Sami Kareem 20183649 CEMIBL325R 10843 11500.5 Edter
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TruckWeight Ziad Al 00154552428 CEMI42.5R 14001.2 155926
QuantityRequired Omar Salem §7231945 CEMII/AL 425R 1258%.6 13725.2
AV +110c9ne F P snoan n
Revert Context Help ~ Snippets
Output
D:” Action Qutput
< »
object Info | Session #  Tme  Acon Message Durstion / Fetch

Query Completed E

Figure 111.8: Reference Database Table Overview

+ The Historical database :

is used to record and track actual loading session data. It stores detailed
information for each loading operation executed via the application, including the
truck number, cement type, target and actual weight, as well as timestamps of the
operation. This allows for precise tracking and subsequent performance analysis.
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toggle automatic help.

»E
B vi
B st
B R
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Truck_Weight
Quantity_Total fi
Quantity_packed fl
Date_Only date new_data_cl x Apply Rever Context Help ~ Snippets

Time_Only

<
Object Info ~ Session

Query Completed

Figure 111.9: Historical Database Table Overview

This dual-database structure provides greater flexibility in maintenance and
enhances data security and integrity in the exchange between commercial and
operational systems.

111.4.1. Steps to Create the Database in MySQL Workbench:

1. Open MySQL Workbench and connect to the MySQL Server.

2. From the top menu, click on ""File'" and select ""New Model'* to create a
new project.

3. Inthe Schemas section, right-click and choose ""Create Schema"'.

4. Enter the schema name (packing database) and click ""Apply™ to confirm
creation.

5. Once the schema is created, expand it and go to ""Tables™ to begin adding
the required tables.
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6. For each table, define the name, columns, data types, and set the appropriate
primary and foreign keys.

7. Click ""Apply" to generate the SQL statements and create the tables within
the schema.

I11.5. Smart Application Development with Python:

The Python programming language was used as a central component in
developing the smart bulk cement packaging application, acting as an intermediary
between the PLC, camera, and MySQL database. This application facilitates data
management, decision-making, and direct user interaction through a simplified
graphical interface.

I111.5.1. Libraries Used in the Project
Several powerful Python libraries were used, the most important of which are:

> cv2 (OpenCV): For image processing and truck license plate recognition.

» MySQL. Connector: For connecting to a MySQL database and
reading/storing data.

» snap7: For communicating with the PLC via the S7 protocol.

» TKkinter: For creating the application's graphical interface.

111.5.2. Python functions

Python was used to develop the smart application for the bulk cement
packaging system, due to its high flexibility and ease of use of various software
libraries. Each function within the application was designed in separate code to
ensure smooth operation and good organization of the program components.

The application handles several key tasks, most notably :
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111.5.2.1. Programmable Logic Controller (PLC) Connection:

The snap7 library was used to create a direct connection to the (PLC). This
connection enables data exchange with the data block (DB) in the TIA Portal
environment.

2 mioprog

COMNNECTED1.py X

get_plc_ip from_json():
try:
with open(” ip_adress_data.json”, "r”, encoding="utf-8") as f:
data
ip =
if ip:
print(” Mo stored IP address found in the file.™)
return
rn ip

reading JSON file: {el™)

CONNECT1():
ip = get_plc_ip_ from_json()
if ip:

recurn

rack a
slot 1

plc = snap?.client.Client()

try:
plc.connect(ip, rack, slot)
if plc.get connected():
print(” &
return plc

Figure 111.10: Part of the code for connection to the (PLC)
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111.5.2.2. Weight Monitoring:

The application receives real-time weight values from the industrial scale
via the PLC and displays them instantly on the graphical interface, helping to
monitor the progress of the packaging process and precisely adjust it to the
required weight.

. .
14:33:50 Q ©C @&

Monday 21/04/2025

e W
S = Product Type: CEM | 42.5 R / \@J @

Processing * : 10000.00 Kg

aniu g S0 3 Sldalll S8 Jadl Adealy 4l SN mll ol 8 & s AN

re now in the section designated for raw packing. Since this system is new, we ask for your understanding.Thank yo

Figure 111.11: Weight reading
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111.5.2.3. Truck license plate reading:

Using the OpenCV (cv2) library, the application captures a photo of the
truck’s license plate using a camera connected to the computer. The image is then
digitally processed to extract the registration number using optical character
recognition (OCR) techniques. This is then compared to reference data stored in
the database to ensure the truck's identity and the type of cement required match.

£ mioprog

Open_Cv.py X

~t capture_image
t detect numbers

LAST_SELECTED_FILE = “"last_data_port selected.json”

load last_selected port():
try:
>ELECTED_FILE, "r", encoding="utf-8") as f

show_camera_ window():
camera_port = load 1 selected_port()
print(f" T Usi

ng camera port: {camera port}™)

pture(camera_port)

print(” Error: Fa capture image from camera.")
cap.release()

return

cap.release()

return frame I

Ln 31, Col 19 Spaces:

Figure 111.12: Part of the code for OPEN CV (CV2)
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111.5.2.4 Database connection:

The application relies on the MySQL. Connector library to create a direct
connection to the MySQL database, allowing for verification of customer and truck
data, as well as automatically recording each filling operation for tracking,
statistics, and performance improvement purposes.

- mioprog

connect_to_database(host, user, password, database):
try:

conn = py 11 . connect|{

USer=us
password=password,
database=database

print("” 8 Connection successful!")

return conn
ept p
prin

retTurn

Figure 111.13: The programming code for MySQL
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111.5.2.5 Communication monitoring via Watchdog:

To ensure continuous communication between the application and the PLC, a
watchdog system has been integrated into the program, sending and receiving a
time pulse (bit) periodically. If the pulse is not received within the specified period,
the connection is considered lost.

send watchdog signal(plc):
"UUZal gl wl€ 30 pi1 Zaas 34155 Watchdo
try:
DB_bytearray = plc.db read{1, &, 1)
set bool (DB bytearray, 8, @, )}
plc.db write(1, @, DB bytearray)
print("8& 1 ! i ' 1§ &

time.sleep(1)

DB_bytearray = plc.db read{1, &, 1)
set_bool(DB_bytearray, @, @, )
plc.db write(1, @, DB bytearray)
print("” & x| Ls &

except Exceptior
print({f"”

Figure 111.14: Part of the code for watchdog
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111.5.2.6 Graphical User Interface

The application's graphical interface is designed using the Tkinter Library, the
standard library in Python for the development of graphic user interfaces (GUI).
This interface allows the user to easily interact with the packing system, such as
display the connection status, monitor the momentary weight, and enter control
orders.

14:33:08 {‘_‘:‘,; ©C e

Monday 21/04/2026

Product Type: CEM | 425 R

Juasay g Sl & U Sy Jasud Alapdly Ladll SAN = 0l A & G e

on. You are now in the section designated for raw packing. Since this system is new, we ask for your understanding

Figure 111.15 : User Interface
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[11.6. Programming the PLC Using TIA Portal

111.6.1 Hardware Configuration

Once the project is created on the Tia Portal, we can configure the
workstation. The first step is to identify the existing hardware. To do this, go to
"Project View" and click "Add Device" in the Project Browser. A list of
components that can be added (PLC, HMI, computer system) will appear. We will
start by selecting the central processing unit (CPU) and then add additional
modules (power supply, digital or analog 1/0 module, communications module,
etc.). The figure below illustrates the hardware configuration and setup.

ement —mX

Totally Integrated Automatiol

n
PORTAL

[2]

evices 0 evices evice name:

~ [ Controllers Device:
» [l SIMATIC 57-1200
» [l SIMATIC 57-1500

Controllers » [ sivATIC 57-300

» [ simATIC 57400

» [l SIMATIC ET200 CPU

» [ Device proxy

ersion:

Opened project: C:\Users\gasmi\OneDrive\DesktoplAMIN2025_V15_V15.1\Intelligent application for filling raw cement

Figure 111.16: hardware configuration and setup

Now we add the programmable logic controller (PLC) and the
Communications module using the catalog. To add a display or other PLC, refer to
the "Add Device" command in the Project Browser. When you select an item for
inclusion in the project, a description appears in the Information tab. The figure
below shows The Device Configuration.
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v Location 1: CPU 1214 AC/DC/RLY
v Location 101 : Communications module CM 1241 (RS422/485)
o

e
v

103 102 101 1 2 3 4 5 &
Rack_0

SICMICKE

Figure 111.17: Device Configuration
111.6.2. PLC Variables

In any automation program, it is essential to define a comprehensive list of
variables that will be utilized during development. For this purpose, a PLC
variable table is created to declare and manage system variables. Each variable
includes a symbolic name—a descriptive identifier assigned by the programmer—
and an absolute address that corresponds to its physical memory location (e.g.,
10.1, Q4.0, M10.3). These symbolic names greatly enhance the readability,
maintainability, and traceability of the program.

Additionally, the variable table defines the data type (such as BOOL or INT),
and may include comments to further clarify the role of each variable. TIA Portal
offers the flexibility to display symbolic names, absolute addresses, or both
simultaneously, facilitating clearer program structure and easier debugging.
The following figures illustrate the variable table used in our cement loading
application.
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1 MName Path Data Type Logical Add Comment

2 RAISE Default tag Bool %10.1 "command to raise the arm.

3 DOWN Default tag Bool %10.2 "command to lower the arm.

4  Open the valve Default tag Bool %10.3 "command to open the filling valve.

5 close the valve Default tag Bool %10.4 "command to close the filling valve.

6 RESPONSEVALVE Default tag Bool %10.5 "Feedback signal confirming valve response.

7 VALVE Default tag Bool %00.3 "current status of the valve {open/closed).

& ARM RAISE Default tag Bool %0Q0.1 rOutput signal to actuate the arm raise.

9 ARMDOWN Default tag Bool %0a0.2 ’Output signal to actuate the arm lower.

10 POWER CHECK Default tag Bool %00.7 "Power presence verification signal.

11 FirstScan Default tag Bool %6ML.0 "Active during the first PLC scan cycle (used for initialization).
12 Clock_5Hz Default tag Bool %M1000.1 SHz clock pulse used for timing or watchdog mechanism.
13 SELECTEUR Default tag Bool %M30.0  Selector for operation mode

14 VALVE_STATE Default tag Bool %6M1.4 I'I'\.’It:r1|"[t.'|r|'ng the current state of the valve.

15 authorization local Default tag Bool %M2.0 "Authorization signal (e.g., after data validation).

16 XM1 Default tag Bool %M2.1

17 INIT Default tag Bool %6M2.2 I'Sw.;s’[em initialization signal.

18 FLT Default tag Bool %M2.4 'Fault indication signal.

13 BY _PASS Default tag Bool %6M11.0 ’B‘,rpass mode for manual override or maintenance.

20 POWER ALARM Default tag Bool %6M2.5 "Alarm signal for power supply failure orissue.

Figure 111.18: The PLC Tag Table
111.6.3. Program Creation:

In programming the intelligent cement loading project, we used OB, FC, and
Data Block (DB) elements to structure the application within TIA Portal. The OB1
(Organization Block) was adopted as the main entry point for executing the
program, as it is cyclically processed by the PLC’s CPU and is used to call
subordinate functions.

The FC (Function) blocks—displayed in green within the TIA Portal
environment—were utilized to divide the program into specific and well-defined
tasks, such as reading the weight from the scale, controlling the motor and valve,
and processing start and stop commands.

To enable consistent data exchange between these functions and with the
external application, we also created and used Data Block (DB). These blocks
serve as structured memory areas to store and share relevant operational variables
such as control bits, sensor readings, and setpoints.
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This structured organization improved the maintainability of the program,
clarified the control logic, and facilitated the reuse of the same functions in
different parts of the project.

Organization blocks (OB)

i

system

Functions (FC)

o A A WD A

ABMEBLOCK AUTORISAT... SELECTEUR test WALVE block
LOCAL connectian

Data blocks (DB)

Communic... Weigh_DB
DE

Groups

System
blocks

Figure 111.19 : Program Blocks
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Open valve

—{— Connection . pythoncheck

G AUTORISATION
LOCAL

_|_ Open valve

Up

Move up

H Valve ON

I
Lost connection + close +Python check

& Walve OFF

Figure 111.20: General grafcet chart

111.6.4 Data Blocks (DBs)

In the context of this project, we created two main data blocks (DBs) within
the TIA Gateway environment to manage the exchange of data and operational
signals between the programmable logic controller (PLC) and the Python smart

application:

111.6.4.1. Communication Data Block:

This data block serves as an interface for real-time data exchange between the
PLC and the smart application. It contains variables representing control
commands, system status, and alarm indicators, enabling the Python application to
read the system state and send operational commands to the PLC. This structure
ensures synchronization between the industrial control logic and the software

interface.

Down

Move Down
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111.6.4.2 Weigh Data Block:

The Weigh DB is a dedicated data block to receive and store real-time values read from the
industrial weighing system used for truck measurements. This block acts as an interface between the PLC
(Programmable Logic Controller) and the measuring devices, enabling the transfer of raw weight data to
the smart application.

111.6.3 Function Blocks (FC):

As part of the "Smart Cement Loading Application" project, a set of function blocks were
developed, each responsible for executing a specific task. This modular organization enhances the clarity
of process sequences and simplifies future updates and maintenance of the program.

These blocks were written using a standardized programming approach, enabling their reuse in
similar projects. Moreover, variables can be easily linked through the main organizational block OB1,
ensuring efficient integration within the system's architecture.

111.6.3.1 ARM (FC):

Responsible for controlling the movement of the filling arm using a
bidirectional motor.

YW Ch
“ARM BLOCK"
EM EMO
|0 W00 .1
"RAISE" =P arm raice =i ARM RAISE
|02 W00 .2
DOV — DAV ARM DOWN — " ARM DOWNT

Figure 111.21: ARM BLOCK (FC) Variable Declaration
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111.6.3.2 VALVE (FC):

Manages the opening and closing of the filling valve according to specific
operational conditions.

WrCs
WALVE block™
EM EMO
Wz.4
“FLT — FLT
o3
"Open the valve® — QPEN
04
“close the valve” — CLOSE
W05
"RESPOMSE
VALVE" — vz lve response
WM3I0.0
"SELECTEUR" — SELECTEUR
WM2.0
"autharization autharization
local” — Local
22
“IMIT —IT
%00 3
"WALVE" — WALVE
U007
"POWVER CHECK" — POWERCHECK
Y25
"POWER ALARK" — powWer a larrm
W14
"WALVE_STATE" == WALVE STATE
21
TENTY — XN

Figure 111.22: VALVE BLOCK (FC)
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111.6.3.3 AUTORISATION (FC):

Ensures all required conditions are met before initiating the filling process
(such as truck validation, stable weight, etc.).

WFC1
“authorization_local®

EM EMNO

“DES.DBEXD 2 W20
"Communicatian AUTORISATION "authorization
DE".connection — coMMECTION LocAL — local”

WDBES.DEXD 3
"*Communication
DE" PYTHOM_

CHECK — pyTHOMCHECK

@110
"BY _PASE" — BYPASS

Figure 111.23: AUTORIZATION LOCAL BLOCK (FC)
111.6.3.4 Test Connection (FC):

Used to verify the connectivity with external applications ’Python’’ ,ensuring
reliable communication between systems.

WrCca
“test connection”

EM EMO

. ".'Hu"l11.[ll' “DB5 DBMD 2
BY _PASS" — BY_PASS "Communication

COMMECTION —i DE" .connection
%WDB5.DEX0.0

"Communicatian
DB" Watchdog_

Bit — waTCHDOG

%DB5.DEXD .1
"*Communication
DB".Connection_  |LOsT

Lost— CONMECTION

Figure 111.24: TEST CONNECTION BLOCK (FC)
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111.6.4 Organization Block (OB) :

v System (OB1) :

OBL1 is the main block in the programmable logic controller (PLC) program,
executed periodically by the CPU. Its primary function is to call the function
blocks (FCs) used in the system, including those for controlling the arm, valve,
authorization verification, and others.

This block also includes the blocks associated with the industrial scale, which
are illustrated in the following images.

The PORT_CFG_BLOCK is used to store port settings, such as:

Network connection settings (e.g., Profinet or Profibus).
Serial port settings (e.g., RS232 or RS485).
Or even 1/O port settings on peripheral devices or /O modules.

B
"PORT_CFG_DE"

PORT_CFG

EN EMNO
W10 DOMNE = 5 CFG_DOME
"FirstScan” = REQ ERROR —i #CFG_ERROR
STATUS FCFG_STATUS
269
"Local~Ch_
1241_(R5422
485) 1" PORT
0 — PROTOCOL
5 — BAUD
PARITY
DATABITS
STOPBIT=
FLOWCTRL
XOMNCHAR
XOFFCHAR

2000 — WAITTME

Figure 111.25 : PORT_CFG_BLOCK
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The RCV_PTP_DB block is used to store data received over point-to-point
communication, and is often used with serial modules such as the CM 1241. RCV
stands for "Receive" and PTP stands for "Point-to-Point."

%DB2
"RCY_PTP_DE"
RCV_PTP
EN END
10001 MDR = #RCYV_MRD
"Clock_5Hz" — EN_R ERROR —i #RCV_ERROR
STATLS — #RCY_STATUS
269 .
. #ROV_LENGTH
Local~Ch_ LENGTH _
1241_(R5422_
485) 1" PORT
PDB3.DEX0.0
"Weigh_DE".

BUFFER — BUFFER

Figure 111.26: RCV_PTP BLOCK

The MID block is a Standard Function Block in TIA Portal that is used to read
a portion of a string.

MID
String
EM —
PADB3.DEX0 .0 PADB3. DBX266.0
“Weigh_DE". “Weigh_DE".
BUFFER IM out WEIGHT

Figure 111.27: MID BLOCK (FC)
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The STRG_VAL BLOCK is a String block that is typically used to read,
interpret, or convert input from a string type to a numeric or logical type.

STRG_VAL
String TO Ulint
EMN END
PADBE3.DBX266.0 “DB3.DBED256
"Weigh_DB". “Weigh_DB".
WEIGHT — 1y OUTE— "WEIGHT REAL"

0 FORMAT

Figure 111.28: STRG_VAL BLOCK

The DIV block stands for Division, and is used in the TIA Portal environment
within Math Instructions.

D
Auto (Real)
EN
“DB3 DBD256 “WB3.DBD260
“Weigh_DBE". “Weigh_DB".
"WEIGHT REAL" N1 ouT "WEIGHTI 0"
10.0 N2

Figure 111.29: DIV BLOCK
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111.7. Communication Methods

This section presents the communication methods adopted in the smart
cement packaging application, which ensure instant and reliable data exchange
between the various components of the system.

[11.7.1 Communication between the PLC and the Python
application:

Data is exchanged between the programmable logic controller (PLC) and the
smart application using data block( Communication DB ) structured within the
TIA Portal environment. The Snap7 library in the Python application facilitates
direct communication with the PLC via the S7 protocol, enabling reading and
writing of values within this block. This method enables real-time data
synchronization between the industrial system and the smart application,
enhancing reliability and accuracy during packaging operations.

[11.7.2 Communication between Python and a MySQL database:

The application relies on the MySQL. Connector library in Python to
connect to the database. This connection is used to retrieve truck information,
validate data, and store session data for tracking and performance analysis.

111.7.3 Communication between Python and the camera:

The application uses the cv2 library (OpenCV in Python) to access a
camera—connected to the computer via USB or Wi-Fi module—for capturing and
processing the truck’s license plate in real time.

111.7.4 Communication between PLC and weighing scale
indicator:

Communication between the PLC and the weighing scale is via the Profibus
DP protocol using a CM 1241 module connected to an RS-485 system. Using this
protocol, the PLC receives weight data from the weighing scale.
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111.8 Electrical cabinet

At the Biskria cement plant, specifically in the raw cement filling area, large
silos are used to store cement ready for loading. Each silo is equipped with its own
system, consisting of an electric motor that controls a mechanical arm which
adjusts up and down according to the height of the truck, as well as an electric
valve that regulates the flow of cement. Both components are controlled from the

control station via the PLC unit.

ST R =

'Fiéare 111.30 : Electrical
cabinet before modification

Figuré 111.31 : Electrical cabinet
after modification
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The diagram below demonstrates the wiring and connection layout of
the station's electrical cabinet.

o [+ [ 2 ] 3] a s [ s [ 7] 8 [ 9 ] w]Ju Jmul]mn]iwuwl i ]k
u
[+
A k]
\ -
— O
B . I
L AEEEEBREER EEAERER
C
sEEsmsmmE mm
L SIEMENS SIMATIC §7-1200
D
1 ' -
E \I 1 E]
' Y N ERH R
— &y g
R ERERE E E
F N Jj B
1
1 - g
= =
G |9 9,8,
T |
] BMH-)J ?I T
) u :{.@ DOWN UP OFF  ON
P 06 €
Author: AHMED AMIN GASMI JHANI YAGOUH File:
Electrical diagram of the smart bulk filling station
Date: Folio: 1/1

Figure 111.32 : Electrical diagram of the smart bulk filling station
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111.9 System Workflow

The system operates through a series of well-defined steps that ensure
accurate identification, control, and data tracking throughout the filling process.
These steps include:

111.9.1 Initialization:

At the beginning of
the process, the truck
designated for loading
drives onto the industrial
scale located at the
loading  station, in
preparation for initiating
the weight measurement
procedures and carrying
out the loading
operation.

Figure 111.33: Truck climbs onto scale

After the truck ascends onto the weighbridge, its weight is measured
automatically with high precision. When the measured weight reaches a
predefined threshold in the program executed on the PLC — representing the
minimum weight of an empty truck (10 tons) — and the truck remains steadily
positioned on the weighbridge for no less than 30 seconds without any
significant weight fluctuation, the PLC changes the state of the output
designated for the (Truck Check) from 0 to 1. This indicates the confirmed
presence and stability of the truck on the weighbridge
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14:33:50 ﬁ S Product Type: CEM | 42.5R @) i’?ﬁ

Monday 21/04/2025

Processing

A 1y D el Oy Jate! ALy Galll AU =l LR TR N

re now in the section designated for raw packing. Since this system is new, we ask for your understanding.Thank yo

Figure 111.34: truck detection

The intelligent application is programmed to continuously monitor the value
of the Truck Check output from the Data Block within the PLC.

Upon detecting a change in this output from 0 to 1—indicating that the truck
is stably positioned on the weighbridge—the application automatically authorizes
the system to begin operation without manual intervention, thereby initiating the
loading process.

68



CHAPTER 3: DEVELOPMENT OF A SMART APPLICATION FOR A BULK CEMENT PACKAGING
SYSTEM
—

- i, > «C .
14:34:40 = ‘g_:‘a-; Product Type: CEM | 42.5 R @

Monday 21/04/2025

8B : 10000.00 Kg

)Ry pudaga B Adalisd)

Start the detection process

i)y KAl ol U iy Jatad Aleally iawill KA g 5l 3y s s

:king. Since this system is new, we ask for your understanding.Thank you  Welcome to the Biskariya Cement Corg| ——

Figure 111.35: System startup
111.9.2 Verification:

Before starting the upload process, the system automatically activates the
camera to capture an image of the front section of the truck. The OpenCV
framework is then utilized to apply Optical Character Recognition (OCR)

technology, enabling the automatic extraction of the truck’s license plate number.

Figure 111.36: Image capture and processing
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After capturing the image using the camera, the application processes the
Image with the OpenCV library to apply Optical Character Recognition (OCR)
techniques for extracting the license plate number. The extracted number is then
compared with the reference database, which contains the license plate numbers of
registered trucks. If a match is found, the system proceeds to the next step, where it
automatically imports the truck's information based on the entry where the

matching number was found.

Subsequently, the cement type requested by the truck is compared with the
cement type preconfigured in the system settings for the station. It is important to
note that the cement type is set in advance according to the station where the
system is installed, ensuring that the process aligns with the specified operational

standards.

- > @ -
14:42:07 [ E & Product Type: CEM 1 42.5 R

3o

h—
Monday 21/04/2025 v = =

Cement Type matching .
ke i) p 5 System Ready 88 : 10000.00 Kg

N°: 10
Full Name: Ziad Ali
Truck Serial: 00154552428
Cement Type: CEM1425R
Truck Weight: 14001.2

Quantity Required: 15592.6

Dl g JRAL o Ul i o Jati) Aleadly B5aall SOzl ) ol Ls s

. Since this system is new, we ask for your understanding.Thank you Welcome to the Biskariya Cement Corporati| ——

Figure 111.37: Matching information after comparison

111.9.3 Filling Process:

After successful verification of the license plate number and data comparison,
the application sends a start command to the Programmable Logic Controller
(PLC) by modifying the Python Check bit in the Communication (DB) using
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Python. The bit value is changed from 0 to 1, indicating the automatic initiation of
the loading process.

Communication DB (snapshot created: 4/14/2025 10:54:10 AM)
Name Data type Offset start value Manitor value Retain Accessibli

1 <@ * Static

N watchdog_Bit Bool 0.0 false FALSE M [
3 4w Connection_Lost Bool 0.1 true TRUE M v
4 4= connection Boal 02 FALSE TRUE | =
s PYTHON_CHECK Boal E' 0.3 FALSE | TRUE ﬂ M ™
6 4%  VANESTATU Bool 0.4 als FALSE ] [
7 4=  TRUCK CHECK Bool 05 - TRUE M v
E @@= WH Real 20 0.0 [l v

Figure 111.38: the Python Check bit

After sending the start command, the PLC activates the valve responsible for
the cement flow, then start the loading process into the truck.

#"WVALVE STATE" #CLOSE #FLT H#VALVE
=] - /1 /1 (]
#VALVE
] L

Figure 111.39: Valve network (valve open)

After the loading process begins, the system uses the Actual Weight bit from
the Weigh (DB) to monitor the filled weight. This weight is compared with the
required cement quantity for loading, which is retrieved from the system's
reference database to ensure that the filled weight aligns with the specified amount.

4 v Static
2 4w  BUFFER String 0.0 " 0 v
&1« VEIGHTREA Real 212860 00 100 q [ v
4 @  VEIGHTMO Real 260.0 0.0 O v
5 @  BUFFER2 Int 2640 ¢ 0 B v
6 @n  WEIGHT String 266.0 . B v

Figure 111.40: Real Weight bit
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After reaching the desired weight, the system halts the loading process by
changing the value of the Python Check bit in the data block to 0. Additionally, the
process can also be manually stopped via the user interface, allowing the operator
to intervene if necessary.

2 connection Bool 0.2 FALSE TRUE
- PYTHON_CHECK Bool 03 FALSE FALSE
L VANE STATU Bool 04 false FALSE

Figure 111.41: Python check bit
111.9.4 Data storage:

All data related to each session, such as cement type, truck ID, filling time,
and weight, is automatically stored in the historical database. This is intended to
enable future retrieval of this data and provide the capability for process tracking
and analysis, ensuring accuracy and efficiency in managing the loading operations.

€85 Setting - X

Select Table:
Search by Date (rvvy-ivt-00): |

FullName TruckSerial CementType TruckiWeight uantityRequire:
Yousef Abdullsh 74523981 CEMI/B-L325R 130005 14500.8
Ziad Kareem 38014326 CEM 142.5 N SR3 LH 115234 12300.0
Sami Vousef 23817045 CEM I/8-L 425 N 10987.2 12000.3
Sami Fares 6954 CEMIFA-L425R 12543.0 138229
Omar Tarig 40832675 CEM1425R 139503 15000.0
Ali Salem 24361728 CEM1425R 112358 125429
Fahad Vousef 93718564 CEM Il/8-L 425 N 13042.1 14765.8
Sami Kareem 20183649 CEMI/B-L325R 10849.0 11500.5
Ahmed Hadi 67239215 CEM 1425 N SR3LH 118243 129340
Ziad Ali 00154352428 CEM1425R 14001.2 155926
Omar Salem 87231945 CEMIFA-L425R 12529.6 13725.2
Al Kareem 74185296 CEMI/B-L325R 119385 12849.9
Fahad Abdullah 5666 CEM I/8-L 425 N 135019 14875.2
Khaled Fares 90372615 CEM 142.5 N SR3 LH 122305 13862.0
Hassan Yousef 16798234 CEMIFA-L425R 111000 124500
Al Al 28361743 CEMI525R 10999.5 115628
Sami Hadi 64018327 CEMI/B-L325R 114673 121009
Ziad Kareem 47192835 CEM I/B-L 425 N 123479 135784
Ahmed Salem 31578946 CEM1425R 132128 14563.3
Hassan Salem 59384720 CEM 1425 N SR3LH 128002 138724
Nasser Hadi 73184590 CEMIFA-L425R 134018 14855.1
Yousef Salem 90518362 CEM I/8-L 425 N 126500 13670.0

5]

1
2
3
4
5
6
7
8

Figure 111.42 : Reference Database
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Select Table:

Search by Date (YYYY-MM-DD): Search |  Clear
id Full_Name Truck Serial Cement Type Truck_Weight Quantity Total  Quantity_packed Date_Only Time Only
1 Ali Ahmed TRK1234 Type A 150000 120000 B000.0 2025-04-08 91354
Connectto the DataBase (Q) 2 Ali Ahmed TRK1234 Type A 15000.0 12000.0 8000.0 2025-04-08 ©:46:55
3 Ali Ahmed TRK1234 Type A 15000.0 12000.0 8000.0 2025-04-08 5017
4 Ali Ahmed TRK1234 Type A 15000.0 12000.0 8000.0 2025-04-08 5018
Connect to the DataBase (R) 5 Ali Ahmed TRK1234 Type A 15000.0 120000 8000.0 2025-04-08 10:08:26
6 dfd 145 fhfdh 56.0 4580 8000.0 2025-04-08 11:47:53
I 7 dfd 145 fhfdh 56.0 4580 2000.0 2025-04-08 13:05:26
3 dfd 145 fhfdh 56.0 4580 2000.0 2025-04-08 13:16:46
9 dfd 145 fhfdh 56.0 4580 2000.0 2025-04-08 170627

Figure 111.43: Historical Database

Once the loading process is complete, the application automatically returns to
idle mode until another truck arrives or it is manually activated by the operator.

The station can also be operated in manual mode in emergency situations, such as a
malfunction of the intelligent application or for maintenance purposes. In these
cases, the operation of the station is controlled through the DCS system by
changing the BY_PASS bit state in the PLC program, allowing the operator to
safely and effectively operate the system manually.

£ AUTORISATION

#FYTHOMCHECK #COMMECTION LOCAL"
] | ] | { 1}
11 11 L
EBYPASS
]
/1

Figure 111.44: Network of the system with BY _PASS
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[11.10 User Interface (Ul):

The Tkinter library in Python was used to develop the cement filling application's
user interface with the goal of making it simple for managers and workers to use.
Along with basic control and navigation buttons, it shows important data including
the current weight, vehicle license plate number, and type of cement.

This interface helps monitor the filling process smoothly and shows alerts in
case of errors or connection loss, making the system practical and efficient in an
industrial environment.

®

14:36:30 i & & . z @
o030 25 o~ Product Type: CEM | 42.5 R

System Ready @ :10000.00 Kg

)\_ia_n..ua f) )S.duil)\.a.u\ J}M‘Mum j.d"_au).ﬂ‘ J._lu\_n).u

nce this system is new, we ask for your understanding.Thank you Welcome to the Biskariya Cement Corporation.

Figure 111.45: Main User Interface
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8% Setting

Connect to the camera
Connect to the DataBase (C)
Connect to the DataBase (R)
Connect to the PLC
History (C)
History (R)

Product Type

Figure 111.46: Settings interface

8% Setting

Connect to the camera

Connect to the DataBase (C)
Connect to the DataBase (R)

Connect to the PLC

History (R}

Product Type

Figure 111.47: Camera interface
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8% Setting — X

History (R)

Help

Figure 111.48: User interface for connecting to the historical database

Host: |

Username : ’—

Password : ’—

Database Name : ’—
Connection Name :

Connect to the DataBase (C)

onnect to the DataBase (R)

Connect to the PLC

o swe] x]

Figure 111.49: User interface for connecting to the reference database
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8% Setting — X

Conmectte the cames I
192.168.1.3 ~

DataB

c

Tt
Connect to the DataBase (R)

Product Type
p

Figure 111.50: User interface for connecting to plc

Select Table

TruckSens CementType QunttyRequeed
pRre ) CIMIBLRSR 18508
an4ae CEMIQSNSG I 129000
23017948 CEMIWE-LLSN 120003
L CEMWALRSR 13229

03T CEMIQSR 150000
610 comiese 125489
Simeses CEMIWVEBLUSN 158
20183548 CEMIVB.LSR 11505
§7239815 CEM 185 N 583 LK 19340

S o

Q01sassoLs CEMI &SR 15532
T T—— ”
T4185296 CEMNBLRSR 120469

S6tt CEMIWEBLUSN 188752

TS CEMIQISNSRILH 133820
WM CEMMALESR 124500
361748 CEMIR23R 15828
a7 CEMNVBALRSR 120008
aneas CEMIVELASN 135724
ST CEMILSR 145333
$HaT0 CEMIQINSRILM 2 139724
738550 CIMAL5R 183551
s CIMIWB-LQSN 134700

-]

1
2
3
4
3
6
7
]
3

| 38

Figure 111.51: Packing operations for today in Reference Database
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Sadact Tabla:

foere_cea B

Smanch by Ciaba (VY- MAM- DD o |

Connsct i th carmars Full_ M mck_Serisl  Cement_Type Cruntiny_ ko Inte_ i e Only

Connact ba the Datal e (R

Figure 111.52: Packing operations for today in Historical Database

8% cetting

Add New Product:

Add Product

Connect to the DataBase (C) Select Product Type:

Connect to the camera

Connect to the DataBase (R)

Connect to the PLC

History (C)

History (R)

Product Type

Figure 111.53: Set cement type for the station
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Figure 111.54: User interface to start the process

14:45:15 f & & : g @
Mondas 21104025 [ =E = Product Type: CEM | 42.5 R

Cement Type matching
(ke cle) g g

N°: 10
Full Name: Ziad Ali
Truck Serial: 00154552428
Cement Type: CEM1425R A ‘I_| ) "
Truck Weight: 14001.2 |
Quantity Required: 15592 6 4 : - - : .

Requwed Weight : 29593.8 Kg Emergency Stop

\||3 )S_m_’

Progress Pacjing 8B : 10285.00 Kg

._l)\é.\.ﬂ_lﬂ}uu_l.d‘mum i "_Au).u‘_sd._lg\_‘n)q

&

. Since this system is new, we ask for your understanding.Thank you Welcome to the Biskariya Cement Corporati

Figure 111.55: User interface when the match is successful
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14:39:14 « &>
Monday 21/04/2025 o = =7

Cement Type does not match
il i) g gl

N°: 4
Full Name: Sami Fares
Truck Serial: 6954
Cement Type: CEM IA-L 425 R
Truck Weight: 12543.0

Quantity Required: 13822.9

Product Type: CEM | 42.5 R I{:CE}'

System Ready

iy SAL el Uanl ¢y it dlasdly Sapeall Sl 2l ) 8ol s e

k you Welcome to the Biskariya Cement Corporation. You are now in the section designated for raw packing. Sin¢

Figure 111.56: User interface when matching fails

@ Smart Application Bulk Loading -
14:45:15 't & & : ¢ @
Mondas 21104025 [ = = Product Type: CEM | 42.5 R

Cement Type matching
(ke cle) g g

N°: 10
Full Name: Ziad Ali
Truck Serial: 00154552428
Cement Type: CEM1425R
Truck Weight: 14001.2

Quantity Required: 15592 .6

N> 1
Full Name: Ziad Ali

Truck Serial: 00154552428

Cement Type: CEM1425R
Quantity_Total :29593.8
15:15:56
2025-04-21

i)y S ol U g Jaad Alaadly Ripal] SN sl Gl L e

. Since this system is new, we ask for your understanding.Thank you

Welcome to the Biskariya Cement Corporati

Figure 111.57: User interface when the packing is over
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@ 5mart Application Bulk Loading = u]

15:10:00 i % 55“ Product Type: CEM | 42.5 R {C}}‘

Monday 21/04/2025

1510

FRA Q) %@ © A ..g95 asal (]

s 2025-04-21

Figure 111.58: User interface during emergency stop
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11.11

Features of the system

One of the most important features of the application:

e Live Weight Tracking :The system displays the truck’s weight in real time
during loading, ensuring precise control over the filling process.

¢ Automatic License Plate Detection :The application uses image processing
to automatically detect and read the truck’s license plate via a connected
camera. J

* Reliable PLC Communication :Stable and continuous communication with ™ )
the S7-1200 PLC is maintained through the Snap?7 library, enabling real-time
interaction. J

N
¢ Integrated Database Access :The system connects to a MySQL database to retrieve

and store critical information about trucks, clients, and filling history.

J
"
e Connection Watchdog A built-in watchdog monitors communication with the PLC.
If the connection is lost, the system reacts immediately to prevent issues.
J
"

e Intuitive User Interface Developed using Tkinter, the GUI allows operators to easily
manage and monitor all system operations with minimal training.

J
"
e Automated Filling Control The application automatically stops the filling process
once the target weight is reached, improving efficiency and reducing errors.
J
N
e Cement Type Validation The system verifies the required cement type for each
truck by matching its license plate with database entries.
J
"
 Real-Time Error Alerts If a problem occurs—such as an unrecognized plate,
connection failure, or type mismatch—the system instantly notifies the user.
J

ASSSSSCSSSHN

Figure 111.59: Features of the system
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111.12 Conclusion

In this chapter, we presented the practical aspect of the project, which
involved the development of a smart application for bulk cement filling. The
application was implemented and tested in the field at the Biskria Cement Plant,
where it showed positive results in improving the accuracy of the filling process
and automatically verifying the material type.

The field trial confirmed the effectiveness of the application in a real
industrial environment, highlighting its potential to enhance control and production
systems in factories. Moreover, the system’s flexibility and scalability make it
suitable for deployment in other industrial facilities
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General conclusion

This thesis has developed and implemented a smart application to enhance the
efficiency and reliability of bulk cement loading operations within an industrial
setting (Biskria Cement). By integrating key technologies—Python, OpenCV,
MySQL, and TIA Portal—the system successfully bridges the gap between
traditional industrial automation and modern software-driven solutions.

Leveraging image processing for automatic license plate recognition, the
application enables accurate truck identification, cross-verification of cement types
via a central database, and seamless synchronization with the Distributed Control
System (DCS). Real-time communication with Programmable Logic Controllers
(PLCs) through the Snap7 library allowed for precise control and monitoring,
reducing operational errors and increasing overall accuracy.

Field tests conducted at the Biskria Cement Plant validated the effectiveness of the
solution, highlighting the potential of smart automation in enhancing productivity,
traceability, and reducing dependence on manual interventions.

While the system successfully meets the current operational requirements, several
enhancements can be explored in future work, including:

« Integration of RFID technology for faster and more secure truck
identification.

« Development of a more advanced and intuitive Graphical User Interface
(GUI).

« Implementation of machine learning algorithms to support predictive
maintenance and process optimization.

In conclusion, this work demonstrates that adopting smart technologies in the
cement industry not only improves operational performance but also lays a strong
foundation for scalable, intelligent, and sustainable industrial solutions aligned
with Industry.
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Horizons

» Seeking to establish a company in order to start manufacturing and
marketing the product.
» Developing the system to include:

¢ Artificial intelligence techniques to predict malfunctions and improve
decision-making.

e Enhance the system by integrating it with RFID and GPS technologies
to enable real-time tracking and identification of trucks inside and
outside the factory.

» Adopting this type of system in the future in other industries that depend on
transportation and loading, which contributes to accelerating digital

transformation in the industrial sector in general.
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