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Abstract  
 
This work presents the design and implementation of a system for studying 

industrial automation in the classroom, enabling students to conduct automation 

practices using Siemens, Festo, and RealGames software. It complements their 

learning with physical digital devices connected to a computer to activate and 

deactivate both analog and digital inputs and outputs, as well as sensors and 

actuators connected through communication networks and bus-type protocols. This 

system allows for save cost in the classroom. With minimal investment, each 

student can have their own “PLC”; using an ESP32 microprocessor-based device. 

They can couple power components onto baseboards for the device and run the 

developed server, enabling the device to communicate and activate the specified 

outputs in the control system, with minimal programming required. The client-

server communication libraries were developed using Python, and the ESP32 

programming was done using microPython. The maximum number of applications 

that can be interconnected is up to 127 devices. The maximum response speed or 

latency is 500ms, and the approximate cost per complete simulation unit is one 

thousand Mexican pesos. Compared to the cost of a traditional laboratory of this 

type, it is less than 10% of the cost of a laboratory equipped with PLCs from 

recognized brands. 

 

 
 

Industrial automation, OPC server, Client-server, 

education 

Resumen  
 
El sistema presentado en este trabajo permite implementación de un sistema para el 

estudio de la automatización industrial en el aula, permitiendo a los estudiantes 

realizar prácticas de automatización utilizando software de Siemens, Festo y 

RealGames. Complementa su aprendizaje con dispositivos digitales físicos 

conectados a una computadora para activar y desactivar entradas y salidas tanto 

analógicas como digitales, así como sensores y actuadores conectados a través de 

redes de comunicación y protocolos tipo bus. Este sistema permite ahorrar costos 

en el aula. Con una inversión mínima, cada estudiante puede tener su propio "PLC" 

utilizando un dispositivo basado en el microprocesador ESP32.  Pueden acoplar 

componentes de potencia en placas base para el dispositivo y ejecutar el servidor 

desarrollado, lo que permite que el dispositivo se comunique y active las salidas 

especificadas en el sistema de control, con una mínima programación requerida. 

Las bibliotecas de comunicación cliente-servidor se desarrollaron utilizando Python, 

y la programación del ESP32 se realizó utilizando microPython. El número máximo 

de aplicaciones que se pueden interconectar es de hasta 127 dispositivos. La 

velocidad máxima de respuesta o latencia es de 500ms, y el costo aproximado por 

unidad de simulación completa es de mil pesos mexicanos. En comparación con el 

costo de un laboratorio tradicional de este tipo, es menos del 10% del costo de un 

laboratorio equipado con PLC de marcas reconocidas. 

 

 
 

Automatización industrial, Servidor OPC, Clientes-

servidor, Educación
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Introduction 

 

Industrial automation has radically transformed 

the production of goods, driving efficiency, 

productivity, and quality across a wide range of 

sectors (Berger H. , 2019). 

 

Industrial automation is a catalyst for 

productivity and efficiency, by through 

optimizing processes, reducing costs, and 

minimizing errors; businesses can improve their 

competitiveness and offer higher quality 

products and services at more affordable prices 

(Bureau, 2019).  

 

Besides, with the correct implementation 

of all automation processes, workplace safety is 

also improved by reducing workers' exposure to 

dangerous and repetitive tasks (Cavalieri, 2019); 

furthermore, by optimizing energy and resource 

consumption, it is possible to help promote or 

contribute to sustainability and reduce the 

environmental impact of industrial operations 

(Gilchrist, 2016). 

 

The demand for professionals in 

industrial automation is booming, from design 

engineers and PLC programmers to maintenance 

technicians and robotics specialists; job 

opportunities are diverse and span a wide range 

of sectors including: manufacturing, energy, 

food and beverage, pharmaceuticals, logistics, 

and many more (Intenational, 2022).  

 

To master the field of industrial 

automation, it is essential to understand key 

concepts such as: 

 

1. Control systems: Operation of feedback, 

open-loop and closed-loop control, and 

PID controllers. 

 

2. Industrial electronics: Basic principles of 

sensors, actuators, ladder diagrams, 

relays, and Boolean logic (International 

S., 2023). 

 

3. Pneumatics and hydraulics: 

Fundamentals, components, and 

applications in automated systems. 

 

4. PLC programming: IEC 61131 

languages, function block diagrams, and 

troubleshooting. 

 

 

5. Industrial networks: Communication 

protocols such as Ethernet/IP, Profibus, 

and Modbus (McKinsey, 2023). 

 

6. SCADA systems: Data acquisition, 

monitoring, and remote control of 

industrial processes. 

 

Also, practice plays a crucial role in 

learning industrial automation, as it reinforces 

theoretical concepts, allowing the application of 

knowledge acquired in the classroom to real 

situations.  

 

It develops technical skills: ot it provides 

the opportunity to manipulate equipment, 

interpret data, (quitar esta coma) and solve 

practical problems; and prepares for real work: it 

familiarizes students with the industrial 

environment and the tools used in the industry 

(National, 2018).  

 

A balanced approach between theory and 

practice is essential for effective learning, a 50% 

distribution for each component is 

recommended, incorporating: 

 

Laboratories: Simulation practices and 

with real equipment to apply theoretical 

concepts. 

 

Practical projects: Development of 

automation solutions for real problems, fostering 

teamwork and complex problem-solving. 

 

However, the cost of equipping a 

classroom for teaching industrial automation 

varies significantly depending on factors such as: 

 

- Equipment: PLC equipment, sensors, 

actuators, software, and laboratory tools. 

 

- Infrastructure: Adequacy of physical 

space, installations, and equipment 

maintenance. 

 

- Location: Variable costs depending on 

the region and country. 

 

An initial investment of between $30,000 

and $100,000 USD is estimated to equip a 

classroom for 30 students. This investment 

includes the acquisition costs of the necessary 

hardware and software components, as well as 

installation and training costs (National, 2018).  
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Funding to equip a machine learning 

classroom can come from various sources, such 

as educational institutions, companies, or 

government programs. Educational institutions 

can allocate funds from their operating budget or 

seek grants from external sources, also 

companies can donate equipment or money to 

support education in machine learning, and 

government programs can may provide funding 

for educational initiatives in this field (Autodesk, 

2023). 

 

Box 1 
 

 
 

Figure 1 

Proposed System block diagram description 
      Own design 

 

In fact, to develop a machine learning 

platform it is important to propose both 

hardware and software components:  hardware 

components include the microprocessor, user 

input and output components, and the device's 

own input and output elements, and software 

components include the operating system, 

development tools, and machine learning 

applications. 

 

 The machine learning platform consists 

of hardware elements, such as a microprocessor, 

user input and output components, and the 

device's own input and output elements (Bolton, 

2015). The microprocessor is the brain of the 

platform and is responsible for executing 

machine learning programs. 

 

 User input and output components allow 

the user to interact with the platform, while the 

device's own input and output elements allow the 

platform to interact with the physical 

environment; as shown I in Figure 1, these 

elements are called dedicated hardware device 

input and output.  

 

 

The dedicated hardware device input and 

output is used to connect the machine learning 

platform to the physical environment. This 

allows the platform to collect data from the 

physical environment and control physical 

devices  (E.  Andrew Parr,2007).  

 

The proposed system block diagram for 

learning control instructions consists of a 

hardware element with a microprocessor as the 

main element, user input and output components, 

as well as the device's own input and output 

elements. In this case, they are referred to as 

dedicated hardware device input and output. 

 

Development  

 

It is proposed to develop a system for practicing 

automation systems using typical software for 

automation projects, such as TIA PORTAL from 

SIEMENS, FluidSim from FESTO, and 

FACTORY IO from Real Games.  

 

These programs share the characteristic 

of using OPC-UA libraries, which allows 

interoperability between the simulators (Boyer, 

2009). 

 

Thanks to Due to this interoperability, it 

is possible to develop hardware that, with the 

appropriate programming, can establish 

communication through specific ports on the 

computer and be added as native hardware to the 

software simulators.  
 

To achieve communication with the 

programs, it is necessary to develop open-source 

software (Open Access) that functions as a 

server between the hardware element and the 

automation system simulation programs. This 

software will recognize the latter as clients 

(Panahi, Watson, & Watson, 2021). 

 

Box 2 
 

 
Figure 2 

Proposed system’s Blocks, client-server software, 

hardware device for power inputs and outputs, and 

hardware communication element 
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The proposed system can be separated 

into 3 specific blocks; as shown in Figure 2, the 

blocks to be developed are: OPC client-server, 

dedicated device program, and hardware shield 

for connecting power elements. 

 

This work will describe the programming 

of the OPC client-server that will handle or 

intercept communications from different 

applications within the computer. This same 

library will allow communication with dedicated 

hardware that has compatible programming to 

perform OPC communication with the 

developed server.  

 

The ability to turn the first analogue 

inputs and outputs on and off, as well as 

communication with devices such as a keyboard 

and display using the I2C protocol, is added to 

this programming. These three blocks are 

described below. 

 

OPC Client-Server 

 

Figure 3 shows the process of connecting clients 

(applications) with the proposed OPC server.  

 

Box 3 
 

 
Figure 3 

Block diagram description of the connection 

process with OPC servers 
      Own design 

 

OPC UA, OPC-UA, or just OPC, is an 

open and cross-platform industrial 

communication standard designed for secure and 

reliable data exchange between devices and 

systems in industrial environments (Autodesk, 

2023). It is based on a client-server architecture, 

where OPC UA servers expose information and 

OPC UA clients access it (Coursera, 2023).  

 

 

The OPC UA server acts as a data 

provider (Berger H., 2019). It collects 

information from various sources, such as 

sensors, programmable logic controllers (PLCs), 

SCADA systems, etc., and organizes it into a 

hierarchical structure called the AddressSpace 

(Panahi, Watson, & Watson, 2021). The 

AddressSpace is an information model that 

represents data in the form of nodes. Each node 

can contain variables, methods, events, etc. it is 

important to mention, that security mechanisms 

are also implemented to protect data and ensure 

the integrity of communication. These 

mechanisms include authentication, 

authorization, and encryption. 

 

OPC UA Client: Function: The OPC UA 

client acts as a data consumer. It connects to the 

OPC UA server to read, write, or subscribe to the 

data exposed in the AddressSpace (Parra,2007) 

 

Reading: The client can request the 

current values of variables from the server. 

 

Writing: The client can send commands 

to the server to modify the values of variables. 

 

Subscription: The client can register to 

receive notifications from the server when the 

values of variables change. 

 

Client-Server Connection: The client 

discovers available OPC UA servers on the 

network. 

 

Connection: The client establishes a 

secure connection with the selected server. 

 

Authentication and Authorization: 

The client authenticates with the server and is 

granted permissions to access certain data. 

 

Navigation: The client navigates 

through the server's AddressSpace to locate the 

nodes of interest. 

 

Data Exchange: The client reads, writes, 

or subscribes to the data of the selected nodes. 

 

Among the most prominent advantages 

of OPC-UA servers are their Interoperability, 

which allows communication between devices 

and systems from different manufacturers and 

platforms.  
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Box 4 
 

 
Figure 4 

OPC-UA client-server Flow Diagram 
      Own design 

 

The security it offers is,(no va esta coma)  

through robust mechanisms to protect data and 

communication. Another factor is its scalability, 

as it adapts to both small and large systems. And 

finally, its flexibility, as it supports different data 

types and information models. 

 

 The typical applications of OPC-UA 

servers are: 

 

- Process automation: To connect and 

control devices in an industrial plant. 

- Monitoring and supervision: To collect 

and visualize data from sensors and 

equipment. 

- Predictive maintenance: To analyze data 

and detect possible failures before they 

occur. 

- System integration: To connect different 

systems and applications within a 

company. 

- OPC-UA in Python: Python Client and 

Server, along with the opc-ua library, 

offers a relatively simple way to interact 

with OPC-UA systems, both as a client 

to read and write data, and as a server to 

expose data to other clients. 

 

OPC-UA Client-Server 
 

An OPC-UA client in Python is used to connect 

to an existing OPC-UA server, navigate its data 

structure (node tree), and perform read and write 

operations on the variables or nodes exposed by 

the server. Figure 4 shows the flowchart of the 

code. 

Box 5 
 

 
Figure 5 

Flowchart of the Python code to implement a 

client to respond to OPC-server connections 
      Own design 

 

Hardware Platform 
 

The ESP32, a low-cost, high-performance 

microcontroller, is a popular choice in industrial 

automation due to its versatility, connectivity, 

and ease of use.  
 

The ESP32 is a 32-bit microcontroller 

based on the dual-core Xtensa LX6 architecture. 

This architecture gives it considerable 

processing power, allowing it to execute 

complex tasks and handle multiple processes 

simultaneously. Additionally, it has a wide range 

of integrated peripherals, such as Wi-Fi, 

Bluetooth, analog-to-digital converters (ADC), 

serial communication interfaces (UART, SPI, 

I2C), and GPIO (General Purpose Input/Output) 

(Boyer, 2009). 
 

It is worth to mention that, one of the 

most outstanding features of the ESP32 is its 

wireless connectivity. It incorporates dual-band 

Wi-Fi (2.4 GHz and 5 GHz) and Bluetooth 4.2, 

which facilitates integration with existing 

networks and communication with other devices. 

This feature is especially valuable valued in 

industrial automation applications, where 

wireless connectivity enables remote monitoring 

and control of processes and equipment (Bolton, 

2015), (Boyer, 2009).  
 

As you can see figure 6 shows the 

schematic of the features and hardware blocks 

that this board contains; which is used as an 

OPC-UA client for communication with 

simulators. 
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Box 6 
 

 
Figure 6 

Description of the Hardware component for 
connection with the computer through OPC 

libraries and the reading of physical inputs and 

outputs     

 

The following figure 7 shows the 

flowchart of the code within which the ESP32 

microcontroller is programmed to respond to 

requests from other OPC-UA clients. It is 

important to note that security, is performed 

through native hardware elements of the 

platform and that the description of the 

commands to identify to turn a digital signal on 

or off are the same as those regularly used by 

programs such as FESTO FluidSim(c). 
 

Some important features of the server 

code are that: 
 

1. Security: OPC-UA offers robust security 

mechanisms such as authentication and 

encryption. Make sure to configure them 

properly on your server and client. 

2. Data Model: The data structure in OPC-

UA is based on a node tree. Familiarize yourself 

with this model to organize your variables 

effectively. 

 

Box 7 
 

 
Figure 7 

Flowchart of the program to respond to the OPC 

Server request 
      Own design 

Results 

 

Indeed, as show in figure 8, the implementation 

of an OPC UA server on an ESP32 board to 

simulate an industrial automation device has 

proven to be an effective and flexible solution 

for integrating low-cost devices into modern 

industrial environments. 

 

The main results obtained are:  

 

Standardized and secure 

communication: The use of OPC UA as a 

communication protocol allowed the 

establishment of a robust and secure data 

exchange channel between the ESP32 board and 

other industrial control systems, ensuring 

interoperability and information protection. 

 

Real-time monitoring and control: The 

ability to read and write OPC UA variables from 

the ESP32 board enabled real-time monitoring 

of simulated parameters of the industrial device 

and remote control of its behaviour, providing an 

interactive and dynamic experience. 

 

Flexibility and scalability: The 

architecture of the OPC UA server on the ESP32 

allowed easy adaptation to different types of 

simulated industrial devices, as well as the 

possibility of adding new variables and 

functionalities as project requirements evolve. 

 

Cost reduction: The use of the ESP32 

board, a low-cost and widely available hardware 

platform, along with the implementation of 

open-source software for the OPC UA server, 

contributed to an economical and accessible 

solution for simulating industrial devices. 

 

Integration with existing systems: The 

compatibility of the OPC UA server with various 

SCADA systems and industrial management 

platforms facilitated the integration of the ESP32 

board into already established industrial 

environments, expanding monitoring and 

control capabilities without the need for major 

modifications to the existing infrastructure. 

 

Possible applications and additional 

benefits: 
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1. Rapid prototyping: The implementation 

of an OPC UA server on the ESP32 

allows the creation of functional 

prototypes of industrial devices quickly 

and economically, accelerating the 

development and validation process of 

new solutions. 
 

2. Education and training: The simulation 

of industrial devices with OPC UA on the 

ESP32 offers a valuable tool for teaching 

and learning industrial automation 

concepts, providing a safe and controlled 

environment for experimentation and 

practice. 
 

3. Testing and validation: The OPC UA 

server on the ESP32 can be used to 

perform testing and validation of 

industrial control systems before their 

implementation in real environments, 

reducing the risk of errors and optimizing 

performance. 

 

Box 8 
 

 
Figure 8 

Schematic of the connections to the ESP32 to 

operate with power inputs and outputs 
      Own design 

 

Conclusions 

 

Industrial automation has transformed 

production, but however its teaching faces 

challenges.  

 

The ESP32, a low-cost microcontroller, 

offers an innovative solution for the practical 

teaching of industrial automation. Its 

compatibility with multiple communication 

protocols and user-friendly development 

environments makes it ideal for educational and 

research projects. 

The incorporation of simulation software 

and the implementation of an ESP32-based 

OPC-UA server allows students to interact with 

automation systems in a safe and controlled 

manner. The combination of accessible 

hardware, simulation software, and 

communication protocols like OPC-UA offers a 

promising approach to teaching industrial 

automation, preparing students for the 

challenges and opportunities of Industry 4.0. 
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Annexes 1 

 

OPC-UA Client-Server Code 

 

Client Block: 

 

  
 

Explanation of the Diagram: 

 

- Start: The program begins. 

- Import library: The 'opcua' library, 

necessary for working with OPC-UA, is 

imported. 
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- Define URL: The URL of the OPC-UA 

server to which the client will connect is 

specified. 

- Create client: A 'Client' object is created, 

representing the OPC-UA client. 

- Attempt connection: An attempt is made 

to establish a connection with the OPC-

UA server. 

- Yes (Successful connection): 

- Connects to the server. 

- A message is printed indicating that the 

client has connected. 

- A specific node from the server is 

obtained (you must replace the path with 

the actual one). 

 

The current value of the node is read. 

 

The current value is printed. 

 

A new value for the node is defined. 

 

The new value is written to the node. 

 

A message is printed indicating that the 

new value has been set. 

 

Disconnects from the server. 

 

No (Connection error): 

 

An optional block can be added to handle 

the exception in case the connection fails (for 

example, print an error message). 

 

Finally, it disconnects from the server (if 

it had been connected previously). 

 

End: The program ends. 

 

The exception handling block is optional 

but recommended to manage possible errors 

during the connection or operations with the 

server. 

 

Make sure to replace the node path 

("ns=2;i=2") with the actual path of the node you 

want to read or write on your OPC-UA server. 

 

This diagram represents the basic flow of 

the code. You can add more details or blocks 

according to the specific needs of your 

application. 

 

 

 

Server Block: 

 

 
 

Some important features of the server 

code are that: 

 

Important Considerations 

 

Security: OPC-UA offers robust security 

mechanisms such as authentication and 

encryption. Make sure to configure them 

properly on your server and client. 

 

Data Model: The data structure in OPC-UA is 

based on a node tree. Familiarize yourself with 

this model to organize your variables effectively. 

Subscriptions: OPC-UA allows subscriptions to 

receive real-time data updates from the server. 

'opcua' library: This is just one of the libraries 

available for working with OPC-UA in Python.  

 

Explore other options if you need specific 

functionalities. 

 

Remember: 

 

- The provided code snippets and 

flowcharts are illustrative examples. The 

actual implementation may vary 

depending on your specific requirements 

and the OPC-UA library you are using. 

- It's crucial to consult the documentation 

of your chosen OPC-UA library for 

detailed instructions and API references. 

 

Anexo 2 

 

Microcontroler Hardware code 

 

Arduino program code on the ESP32 board to 

respond to OPC server calls and transfer input 

and output data: 

  

1. Include the necessary libraries: 
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WiFi.h for connecting to the WiFi 

network open62541.h for interacting with the 

OPC UA server. 

 

2. Define the WiFi credentials and the OPC 

UA server URL: 

 

- Replace YOUR_WIFI_SSID and 

YOUR_WIFI_PASSWORD with your 

actual data. 

 

- Replace opc.tcp://localhost:4840 with 

the URL of your OPC UA server. 
 

3. In setup(): 

 

Initialize serial communication. 

Connect to the WiFi network. 

Create an OPC UA client and configure it. 

Connect to the OPC UA server. 

Get the NodeId of the variable you want to read 

(replace the path with the actual one). 

 

4. In loop(): 

 

Read the value of the OPC UA variable. 

 

If the read is successful and the value is 

of type int32: 

 

Print the read value. 

 

Add your logic to respond to the value (in 

this example, control the built-in LED). 

 

If there's an error reading, print an error 

message. 

 

Wait 1 second before reading again. 

 

Remember: 

 

Install the open62541 library: Follow the library 

installation instructions in your Arduino IDE. 

 

Replace the node path: Make sure to use 

the correct path to the node you want to read on 

your OPC UA server. 

 

Adapt the logic: Modify the section for 

responding to the read value to perform the 

actions you need in your project. 
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Abstract                                                                                                      
 

This study aims to implement an internal control system for supply 

management in industrial safety warehouses, improving operational 

efficiency and customer satisfaction. The methodology includes SWOT 

analysis and the 5 Whys Method to identify the root causes of supply 

management problems, facilitating decision-making and the 

implementation of effective solutions such as identifying inputs, product 

traceability, and process optimization. The implementation of specialized 

software for more effective management is proposed. The contribution 

of this project includes improving traceability and efficiency in supply 

management, greater transparency and control in the supply chain, 

reducing operational costs, optimizing inventory levels, and improving 

emergency response capabilities. Ultimately, it seeks to strengthen the 

competitiveness of companies in the industrial safety sector and promote 

a safer and more efficient work environment. 

 

 
 

Supply, System, Security 
 

 

Resumen  
 

Este estudio tiene como objetivo implementar un sistema de control 

interno para la gestión de suministros en almacenes de seguridad 

industrial, mejorando la eficiencia operativa y la satisfacción del cliente. 

La metodología incluye el análisis FODA y el Método de los 5 Porqué 

para identificar las causas raíz de los problemas de gestión de suministros, 

facilitando la toma de decisiones e implementación de soluciones 

efectivas como la identificación de insumos, trazabilidad de productos y 

optimización de procesos. Se propone implementar un software 

especializado para una gestión más efectiva. La contribución de este 

proyecto incluye la mejora de la trazabilidad y eficiencia en la gestión de 

suministros, mayor transparencia y control en la cadena de suministro, 

reducción de costos operativos, optimización de niveles de inventario y 

mejora en la capacidad de respuesta ante emergencias. En última 

instancia, busca fortalecer la competitividad de las empresas en el sector 

de seguridad industrial y promover un entorno laboral más seguro y 

eficiente. 
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Introduction 

 

In the industrial safety environment, efficient 

supply management and product traceability 

become fundamental aspects to ensure a safe and 

productive working environment. The 

implementation of strategies that improve the 

efficiency of supply management in warehouses 

specialising in industrial safety can contribute 

significantly to the optimisation of companies' 

internal processes and to the improvement of 

their competitiveness in the market. 

 

According to Smith and Johnson (2020), 

product traceability throughout the supply chain 

allows for greater transparency and control in 

inventory management, facilitating the 

identification of possible failures and informed 

decision making. 

 

 On the other hand, efficiency in supply 

management, as Jones and Brown (2019) point 

out, involves the optimisation of resources and 

processes to ensure a continuous flow of 

materials and products in the warehouse, which 

translates into reduced operating costs and 

improved customer satisfaction. 

 

Business management is the set of 

activities, processes and strategies that an 

organisation implements to efficiently manage 

its resources, maximise its performance and 

achieve its business objectives. It includes 

aspects such as planning, organising, directing 

and controlling all areas of a company, from day-

to-day operations to long-term strategic 

decision-making. 

 

In this context, this research aims to 

propose strategies and tools to improve business 

management in industrial safety warehouses, 

focusing on the implementation of traceability 

systems and the optimisation of internal 

processes. It is hoped that this research will 

contribute to strengthening occupational safety, 

product quality and the competitiveness of 

companies in the industrial safety sector. 

 

The added value of business 

management lies in its holistic and systematic 

approach to addressing the challenges and 

opportunities facing a company. Unlike other 

more specific management techniques, business 

management considers all aspects of the 

organisation holistically, from strategic planning 

to operational execution. 

In terms of the problem to be solved and 

the central hypothesis, in the context of the 

document provided, the problem identified is the 

lack of effective control of supplies in the 

company's warehouses, which leads to delays in 

production and difficulties in inventory 

management. The central hypothesis is that the 

implementation of a supply control software will 

improve warehouse management and optimise 

customer service, reducing waiting times and 

ensuring the availability of necessary materials. 
 

State of the art 
 

Inventory management is crucial for the 

operational efficiency of industrial companies. 

Research such as Silver, Pyke and Peterson 

(1998) in ‘Inventory Management and 

Production Planning and Scheduling’ has 

highlighted traditional and modern methods of 

inventory control, including Just-In-Time (JIT) 

and Material Requirements Planning (MRP).  

 

Other studies, such as Vollmann, Berry 

and Whybark (2005) in ‘Manufacturing 

Planning and Control Systems for Supply Chain 

Management,’ have examined the evolution and 

integration of production planning and control 

systems with inventories. 
 

Supply management is a vital component 

of operational efficiency. For example, Chopra 

and Meindl's (2013) study in ‘Supply Chain 

Management: Strategy, Planning, and 

Operation’ discusses how efficient supply 

management can reduce costs and improve 

operational efficiency.  

 

Similarly, research by Simchi-Levi, 

Kaminsky and Simchi-Levi (2007) in 

‘Designing and Managing the Supply Chain: 

Concepts, Strategies, and Case Studies’ 

highlights supply chain optimisation strategies 

and their effects on business operations. 
 

Numerous case studies document the 

experiences of companies that have 

implemented inventory control software. For 

example, research by Waller and Fawcett (2013) 

in ‘The Logistics and Supply Chain Toolkit’ 

presents cases of companies such as Walmart 

and their use of advanced inventory control 

technologies, which has led to significant 

improvements in accuracy and cost reduction. 
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 In addition, the implementation of ERP 

(Enterprise Resource Planning) systems in 

industrial companies, as described in Monk and 

Wagner's (2013) ‘Concepts in Enterprise 

Resource Planning,’ demonstrates how these 

tools can be integrated to improve inventory 

management. 

 

The implementation of supply 

management systems follows a structured life 

cycle. Laudon and Laudon's (2018) work in 

‘Management Information Systems: Managing 

the Digital Firm’ details the planning, 

implementation and maintenance phases of these 

systems.  

 

In addition, Davenport's (1998) study in 

‘Putting the Enterprise into the Enterprise 

System’ provides insight into the challenges and 

best practices in each phase of the supply 

management systems lifecycle. 

 

Methodology 

 

For the development of this project, first of all, 

an interview was conducted with the head of the 

department to discuss the problems he was 

facing.  

 

The next step was to observe the situation 

and a series of measurements were made to see 

how long it takes to carry out manual activities 

in the warehouse. Table 1 shows the time taken 

to carry out activities in the warehouse. 

 

Box 1 
Table 1 

References of data taken from observations 

Concept Value 

1. The time it takes to search 
for a product in the 
warehouse 

Between 2 and 5 
minutes 

2. 2. The search time for a 
product that is not ordered 
on a regular basis. 

More than 10 minutes 

3. The time it takes to count 
the number of pieces of a 
product. 

Between 10 and 15 
minutes 

4. The time it takes to verify 
the existence of a product. 

Between 10 and 15 
minutes 

5. The time it takes to produce 

a monthly report of the total 
number of pieces of items in 
stock. 

15 to 20 minutes 

6. The time it takes to find a 
loan voucher for a tool from 
a worker. 

Between 3 and 5 
minutes 

 

 

Based on the data obtained from table 1, 

the following problem was visualised: ‘The lack 

of effective control of supplies in the Extingue 

company's warehouses, which causes delays in 

production and difficulties in inventory 

management’. To bring the problem closer to the 

ground, the 5 Why's methodology was used, 

which is a technique that helps us to identify the 

main cause of the problem and is used in quality 

management and continuous improvement. 

Figure 1 shows the representation of the 5 

Why's.  

 

Box 2 
 

 
Figure 1 

Methodology of the 5 Why's 

 

As shown, the trigger question for this 

methodology was the following: Why is there a 

delay in production due to lack of control of 

supplies in the warehouses? 

 

The questions and answers given were the 

following: 
 

1. Why is there no efficient system for 

registering incoming and outgoing 

materials in the warehouses? 

 

Because the records are made manually and are 

prone to errors. 
 

2. Why are the registers made manually and 

are prone to errors? 

 

Because an automated inventory management 

system has not been implemented. 

 

3. Why has an automated inventory 

management system not been 

implemented? 

 

Because no budget has been allocated or 

prioritised for investment in inventory 

management technology. 
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4. Why has no budget been allocated or 

prioritised for investment in inventory 

management technology? 

 

Because top management is not fully 

aware of the negative impact that lack of 

inventory control has on production. 

 

5. Why is top management not fully aware 

of the negative impact that lack of 

inventory control has on production? 

 

Because no detailed analysis has been 

carried out to show how production delays are 

related to inefficient supply management in 

warehouses. 

 

Results 

 

Based on the methodology we came up with the 

following result. The root cause of production 

delays is due to the lack of control of supplies in 

the warehouses as there has not been a detailed 

analysis to demonstrate to senior management 

the negative impact of inefficient supply 

management, which has led to a lack of 

prioritisation and allocation of resources to 

implement an automated inventory management 

system. 

 

With this result, what was undertaken 

was the realisation of a system that would enable 

warehouse control.  

 

The system is a desktop application for 

computer, which corresponds to two main 

windows, one of them is a login interface, as 

shown in Figure 2, and the other to a control 

panel as shown in Figure 3, where it is possible 

to do all the processes that are performed in the 

system, there is recorded the entry or exit of 

products from the warehouse. 

 

 The system is also able to keep track of 

incoming and outgoing loan fire extinguishers, 

identifying the company to which they were 

loaned and the agent in charge of the loan of fire 

extinguishers.  

 

Also, to improve the search for a product, 

an image of the product can be displayed, but 

this can only be done if one is added when the 

product is entered into the system. Finally, it is 

possible to obtain reports related to the 

information in the system. 

 

Box 3 
 

 
 

Figure 2 

Start-up interface 

 

 

Box 4 
 

 
 

Figure 3 

Control panel 
 

Once the system was implemented in the 

company, a comparison was made to see how 

long it took to find the products in the warehouse 

and the results were as follows. 

 

Box 5 
Table 2 

Comparison of times 
 

Concept 
Before the 

system 

After the 

system. 

The time it takes to search 
for a product in the 
warehouse 

Between 2 
and 5 minutes 

Between 1 
and 2 

minutes 

The search time for a 
product that is not ordered 
on a regular basis 

More than 10 
minutes 

Between 2 
and 3 

minutes 

The time it takes to count 
the number of pieces of a 
product. 

Between 10 
and 15 
minutes 

30 seconds 

The time it takes to verify 

the existence of any 
product. 

Between 10 

and 15 
minutes 

30 seconds 

The time it takes to make a 
monthly report of the total 
number of pieces of items 
held in the warehouse. 

15 to 20 
minutes 

Less than or 
1 minute. 

The time it takes to find a 

loan voucher for a tool for 
a worker. 

Between 3 
and 5 minutes 

30 seconds 
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Conclusions 
 

The conclusion of this research is that the 

implementation of a system helps to minimise 

time and this implies cost savings and allows for 

better decision making, it also implies that the 

system has to be fed with data, because if the 

system does not contain information, it can 

hardly give a clear report. 
 

We can say that implementing an 

automated system allows for an efficient 

recording of inputs and outputs. This will allow 

for monitoring and tracking of information. And 

thanks to the 5 Why's methodology, it allowed to 

solve an underlying problem, significantly 

improving the control of supplies in the 

warehouses, reducing delays in delivery. 
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Abstract  
 
This project was carried out in a company dedicated to specialized refrigeration and 

air conditioning services. The company lacked an inventory control system in its 

tool warehouse, so tool losses were frequent, minimizing the company's profits due 

to the need to replace the lost tool, in addition they found excessive times in the 

collection of tools causing customer complaints due to long waiting times and 

emergency care. The goal of the project was to develop a technology-enabled 

inventory management system to improve the company's level of customer service. 

The results to highlight were: it was possible to reduce search time by 37.3% and 

minimize lost income due to lack of tool, in conclusion, it is important for SMEs to 

have an inventory control system to avoid the loss of products within their 

warehouses since this translates into a decrease in their profits and customer 

complaints due to lack of service. 

 
 

Inventory, Warehouse, Inventory Management 
 

Resumen 
 
El presente proyecto se llevó a cabo en una empresa dedicada a servicios 

especializados de refrigeración y aire acondicionado. La empresa carecía de un 

sistema de control de inventarios en su almacén de herramientas, por lo cual los 

extravíos de herramienta eran frecuentes minimizando las utilidades de la empresa 

debido a la necesidad de reponer la herramienta extraviada, además se encontraban 

con tiempos excesivos en la recolección de herramientas ocasionando quejas de 

cliente debido a los largos tiempos de espera y atención de urgencias. El objetivo 

del proyecto fue desarrollar un sistema de gestión de inventario con ayuda de la 

tecnología para mejorar el nivel de servicio al cliente de la empresa. Los resultados 

a destacar fueron: se logró reducir en 37.3% el tiempo de búsqueda y minimizar los 

ingresos perdidos por falta de herramienta, en conclusión, es importante que las 

PyMes cuenten con un sistema de control de inventario para evitar la pérdida de 

productos dentro de sus almacenes ya que esto se traduce en una disminución en 

sus utilidades y quejas de cliente debido a la falta de atención.  
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Introduction 

 

Nowadays, customers are becoming more and 

more demanding in terms of delivery and 

quality, which is why companies need to have 

control over these issues in order to keep 

customers, as they are the ones who maintain the 

profitability of a business or company. 

 

Customers, as they are the ones who 

maintain the profitability of a business or 

company. 

 

Without customers a company has no 

sense of being, Malparida (2021). Quality is an 

issue that customers are very interested in, even 

more so for the customers of a service company, 

since poor management of quality issues and 

customer follow-up will mean the loss of these 

and potential customers; this is why it is 

necessary to maintain strict control over 

customer complaints. 

 

Garcia (2020) defines logistics as 

‘Management of the flow of information and 

materials to meet customer requirements. ‘With 

this definition the author intends to highlight the 

importance of information by placing it before 

materials, to observe the importance of 

information flow and storage. For the definition 

of supply chain there are different concepts 

according to several authors, Ballou (2004), 

gives the concept of ‘a set of functional activities 

that are repeated along the product flow channel, 

by which raw materials are converted into 

finished products and value is added to the 

consumer’.  

 

On the other hand, a more recent concept 

is that of AR Racking (2023) defining the supply 

chain as ‘a strategic and logistical function that 

involves all the operations that are indispensable 

for a product or merchandise to reach the final 

customer’. 

 

The constant evolution of markets and 

increasingly demanding customers have 

increased logistics problems especially in the 

warehouses of their suppliers, wasted space in 

their warehouses is one of the main problems 

that most companies have, in addition to an 

outdated inventory and a lack of traceability of 

the same generate problems by not knowing 

what is in inventory and where they are located, 

which causes losses in the warehouse, 

MECALUX (2021). 

Currently, companies need to look for 

ways to improve in order to become more 

competitive in the market, as they realise that it 

is necessary to have good management in their 

logistics and, more specifically, in their 

warehouses, as these are the ones that are the 

most important. 

 

Navarro (2015) mentions in his article 

Problemas y Soluciones para la adecuada gestión 

logística y de almacenes (Problems and 

Solutions for adequate logistics and warehouse 

management). 

 

The inventory in a warehouse is 

necessary to minimise losses within it, since 

according to Statista (2022) in the United States 

more than 64% of small businesses have losses 

within their warehouse greater than 1% of the 

total value of their physical inventory, he also 

mentions that no business is immune to losses. 

 

Kuuso (2023) mentioned in his article in 

2023 that inventory losses occur when actual 

inventory quantities are lower than those 

recorded in their books or system and these can 

be due to different factors ranging from damage 

and spoilage, production errors to employee 

theft and supplier fraud, which can lead to 

financial losses, stock-outs, reputational damage 

and even operational disruptions resulting in loss 

of competitiveness in the market. 

 

Methodology 

 

The procedure used to solve the problem in the 

management of tool warehouse inventories, was 

based on the author Navarro (2015) and the ABC 

method for inventory management proposed by 

Acosta, M., León, A. & Limón, C. (2019).99) 

Carry out a diagnosis of the current area. 

 

A diagnosis was made of the average tool 

collection time, average number of monthly 

lost per month, income lost due to missing tools 

and average amount of money lost per tool. 

Classify tools according to their importance 

(ABC) 

 

An inventory of tools was taken and ordered 

according to their importance in ABC 

classification, with the letter A for tools above 

80%, letter B for tools between 80-95% and 

letter C for 95-100%. 
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Tool coding 

 

Unique coding was designed for each tool, a 

guide for future tool labelling, current tool 

present in the warehouse fully labelled and an 

improvement in tool picking times. 

 

Design tool store database 

 

Using the Excel programme (2016), a database 

was designed where the warehouse information 

could be compiled, such as: tool inputs and 

outputs, monitoring of performance indicators, 

audits within the warehouse, among others. 

 

Evaluate the performance indicators 

 

As the last phase of the project, an evaluation of 

the indicators was carried out, comparing the 

results obtained in the first phase and observing 

the percentage of improvement. 

 

Results 

 

Diagnosis of the current area 

 

As a result of the analysis of the area under 

study, a graph was made with the help of a 

spreadsheet (Microsoft Excel 2016), where the 

search times for tools in the warehouse were 

recorded. 

 

Box 1 

Table 1 

Compilation of indicators 

 
Indicator Measure Unit 

Average daily collection time 32.5 Minutos 

Monthly average of tool 
losses per month 

2.83 piezas 

Monthly average of monetary 

losses per tool 
3,109.16 pesos 

Monthly average of customer 
complaints 

7.3 
  

Monthly average lost revenue 

due to tool shortages 
21,300 pesos 

Source: Own elaboration (2024) 
 

There is an average search time of 32.5 

minutes, an average monthly loss of 2.83 tools 

corresponding to an average monthly cost of 

$3,109, and an average monthly loss of $21,300, 

not to mention the loss of monthly policies for 

some businesses; customer complaints were 

found to have a monthly average of 7.3 

complaints, analysing two months. See table 1. 

Ranking the tool in order of importance (ABC) 

 

At this stage, an inventory of the tools 

present in the warehouse was made, and once the 

inventory was made in a spreadsheet (Microsoft 

Excel 2016), the ABC classification was made 

according to the cost of the tools. 
 

Box 2 

Tabla 2  

Summary of the ABC table of tools 
Ranking Quantity Economic value % Cumulative 

A 61 $269,981 79.70% 

B 58 $51,326 94.94% 

C 94 $17,137 100% 

Source: Own elaboration (2024). 
 

As can be seen in Table 2, there is an 

accumulated percentage of 79.7% of tools in 

classification A, equivalent to 61 tools and a cost 

of $269,981.00, for classification B there are a 

total of 58 tools with an accumulated percentage 

of 94.94% and a total value of $51,326.00. 

 

B classification we have a total of 58 

tools with a cumulative percentage of 94.94% 

and a total value of $51,326.00 and finally for 

the C classification we have a cumulative 

percentage of 100% with a total of 94 tools and 

a cost of $17,137. 

 

Tool coding 

 

The list was made to make the barcode coding to 

make the search more efficient within the tools 

warehouse, for this it was decided that the 

required data in: City (Obregón, Hermosillo), 

type of tool according to its cost, date of 

acquisition, location within the warehouse and 

its unique tracking code.  

 

For a correct identification of the tool 

within the warehouse, the most relevant data for 

the company were taken, the code starts with 

three letters which identify the city to which it 

belongs, as it is expected that the company 

expects to have warehouses in different cities of 

the state and it was necessary to place it within 

the barcode to avoid the restructuring of the tool 

coding. 

 

Design of the safeguarding formats 

 

The receipt form was designed to have a better 

control of the inputs and outputs of the 

company's tool warehouse. 
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For this purpose, the receipt voucher was 

designed with the quantity and description. With 

the help of the form, tool losses were minimised 

because the forms were checked when the tool 

was returned to the warehouse and the staff 

noticed that a tool was missing and returned to 

the customer's branch to collect it. 
 

Design warehouse database 
 

The database was created in Excel (2016), first 

of all a menu of options to move between the 

graphical interface was placed, for this it was 

necessary to program macros to make the 

buttons functional. In the main menu of the 

interface buttons were placed to move quickly 

within the Excel (2016) program, macros were 

recorded within the same to make them 

functional, so that the different sheets containing 

the database are presented, these being: 

Registration, Output Format, Report, Inventory, 

Indicators, Update data, Audit and Tool in work.  

 

Within the interface there is a 

spreadsheet for the registration of new tools, this 

function allows the warehouse manager to 

register tool purchases and record them in the 

warehouse. 
 

Box 3 
 

 
Figure 1 

Graphical interface Registration 
Source: Own elaboration (2024). 

 

For the registration of tools in the 

warehouse, an Excel spreadsheet was used 

within the same database, which can be accessed 

from the main menu as shown in Figure 1, 

buttons were placed to register, clean and search 

for tools within the inventory of the company 

under study, the buttons were programmed with 

macros to perform their function. An Excel 

spreadsheet (2016) was added for the company's 

tool inventory, this spreadsheet is connected to 

the registration spreadsheet, as the data present 

in this sheet are registered from the previous 

sheet by means of a button programmed with a 

macro. 

Box 4 
 

 
 Figure 2 

Graphical interface Equipment listing 
Source: Own elaboration (2024). 

 

The inventory spreadsheet allows the 

user to observe in a table all the tool of the 

company, see figure 2, in it is information such 

as: Quantity, Equipment, Brand, ID of the tool, 

Physical location within the warehouse, Status, 

Description, Unit price and Date of acquisition, 

this information is relevant within the company 

to have control of the tool and to have a database 

that indicates where the tool is and to find it 

quickly in the physical warehouse of the 

company. 

 

A spreadsheet was added to perform 

physical audits within the warehouse, for which 

the spreadsheet can be printed by the user to 

perform the physical audit in an easy way by 

being able to move with the sheets within the 

warehouse. 

 

To perform the audits within the physical 

warehouse, the spreadsheet was designed so that 

it can be printed and updated as tools are added, 

the date was added to have a physical control 

with the documents within the warehouse. 
 

To keep track of the indicators within the 

warehouse and to evaluate the monthly 

behaviour within the warehouse, a spreadsheet 

was designed with buttons programmed using 

macros. 
 

Box 5 
 

 
Figure 3 

Graphical interface Indicator result 
Source: Own elaboration (2024). 
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With the help of the spreadsheet in 

Figure 3, the user will be able to record the 

results of the warehouse indicators in a faster 

way, as this spreadsheet has two buttons 

programmed with macros for the user to quickly 

record the monthly results of the indicators. 

 

In order to have a monthly report for the 

company under study, the behaviour of the 

indicators can be observed over the months, a 

graphic interface was created where the 

indicators are shown in graphs and figures to 

observe their behaviour. 

 

Box 6 

 

 
Figure 4 

Graphical interface Warehouse report 
Source: Own elaboration (2024). 

 

The reporting interface helps decision 

makers in the company to define corrective and 

preventive actions when an indicator in the 

warehouse goes out of range, as shown in Figure 

4, the reporting interface contains a date filter 

which is related to all pivot tables connected to 

the graphs present in the sheet. The interface has 

buttons programmed by macros with the 

following functions: 

 

Main menu. The main menu button is 

present in the upper right corner of the interface 

and is represented by a dark blue house and 

allows the user to return to the main menu, which 

was programmed by means of a macro. 

 

Refresh. This button is located in the 

upper left corner and its function is to update the 

pivot tables so that the pivot charts are updated 

and the tables can be viewed with the most recent 

indicator data. 

 

Evaluating performance indicators 

 

As a result of the process of defining indicators 

in the Bajo Estudios company, a better 

understanding and evaluation of the operational 

performance in several key areas was achieved.  

The following shows the behaviour of the 

different performance indicators which were 

evaluated during a period of four months after 

the implementation of the system. A comparison 

of the performance indicators within the 

warehouse was carried out in order to measure 

and summarise all the indicators and their 

percentage improvement. 
 

Box 7 

Table 3 
  Evaluation of performance indicators 

Indicator Before Then 
% 

Improve 
Average daily collection time 32.5 20.4 37.23% 

Average monthly tool losses 
per month 

2.83 0 100% 

Monthly average of monetary 
losses per tool 

3,109.16 0 100% 

Monthly average of customer 
complaints 

7.3 0.5 93.15% 

Monthly average of lost 
revenue due to tool shortages 

21,300 700 96.71% 

Source: Own elaboration (2024. 
 

The performance indicators reacted 

positively after the implementation of the 

system, finding improvements of up to 100% in 

the indicators of tool losses and monetary losses 

due to losses; the quality indicator, which is 

presented as customer complaints, improved by 

93.15%, the monthly average of lost revenue 

was evaluated at 96.71%, while the indicator of 

average collection time improved by 37.23% 

with respect to the time captures captured before 

the implementation of the system. The quality 

indicator, which is presented as customer 

complaints, improved by 93.15%, the monthly 

average of lost revenue was evaluated at 

96.71%, while the average collection time 

indicator improved by 37.23% with respect to 

the time taken prior to the implementation of the 

system. For the indicator of average search time 

for the tools, a time study as carried out after 

implementing the system within the company 

with the following results: 
 

Box 8 
 

 
Figure 5 

Evaluation of average search time for tools in the 
warehouse  

Source: Own elaboration (2024). 
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The average tool search time initially was 

32.5 minutes, applying the improvement the 

average time is 20.4 minutes, representing an 

improvement of 37.3%. 

 

Another of the indicators evaluated when 

implementing the system was the income lost 

due to lack of tools, which means the work lost 

due to not having the necessary tools in the 

warehouse. 

 

Box 9 
 

 
Figure 6 
Assessment of income lost due to tool shortages 

Source: Own elaboration (2024). 

 
The income lost due to lack of tools 

decreased by 90.14% compared to the losses 

before the implementation of the system, with 

March, April and May being minimised to zero, 

while there was a loss of $2,100 in May. 

 

The customer complaints indicator was 

evaluated for four months after the 

implementation of the system, plotted and 

compared with the results obtained before 

implementation. 

 

Box 10 
 

 
Figure 7 
Evaluation of customer complaints  

Source: Own elaboration (2024) 

 

Customer complaints had a positive 

response to the system as there was an 86.4% 

improvement with a monthly average of 0.5 

customer complaints whereas before the system 

was implemented it was at an average of 7.3 

customer complaints per month. 

 

Discussion 

 

By implementing the system, improvements 

were found in the indicators. Firstly, tool search 

times in the warehouse improved by 37.4%. In 

addition, tool misplacements achieved a 100% 

improvement in this indicator.  

 

This progress is particularly significant, 

as lost revenue due to missing tools was reduced 

by 90.14%, demonstrating the direct impact of 

the system on productivity and operational 

efficiency. 

 

Another important finding was the 

86.13% reduction in customer complaints, 

reflecting an improvement in customer 

satisfaction and the quality of service provided.  

 

In addition, with the help of the inventory 

management system, $6,050 worth of forgotten 

tools were recovered from the customer's 

branches during the four-month implementation 

period, demonstrating a remarkable optimisation 

of resource management. 

 

These findings are significant because 

they demonstrate that a well-designed inventory 

management system can have a positive and 

tangible impact on a company's operations. The 

reduction in search times and tool 

misplacements, as well as the recovery of lost 

revenues and 

 

The reduction in search times and lost 

tools, as well as the recovery of lost revenue and 

the reduction in customer complaints, are all 

indicators of more efficient and effective 

management. 

 

The graphical interface designed for the 

company made it possible to determine key 

performance indicators in real time and monitor 

their behaviour over time, enabling timely 

decision making, improving the productivity of 

the company's tool store. 
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Conclusions 

 

The implementation of an inventory 

management system has proven to be a 

functional tool for improving operational 

efficiency and enhancing customer satisfaction.  

 

As seen in the improvement of search 

times, reduction of customer complaints directly 

impacting the company's quality of service 

means a development in productivity and 

management effectiveness within the company. 

In addition to this the ability to monitor in real 

time key performance indicators within the 

warehouse improving decision making in an 

informed and timely manner.  

 

All of the results together highlight the 

operational need for small and medium sized 

enterprises to invest in the creation of a database. 
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Abstract  

  
The use of water in irrigation systems, especially in agriculture, is a major 

challenge due to water scarcity, which makes it necessary to grow 

vegetables more efficiently. The purpose of this research is to design a 

mobile application that allows greater Optimization in the use of water in 

the hydroponic cultivation of lettuce at the Fidel Velázquez 

Technological University (UTFV). The application will have an interface 

that will allow continuous monitoring of soil humidity, automation of 

irrigation according to the needs of the crop, customizable programming 

of irrigation schedules, integration of IoT technology for communication 

and control of alerts and notifications in case of problems or abnormal 

conditions. . Data processing is in real time on the ThinkSpeak Cloud 

Computing platform, where data analysis will be enhanced to evaluate 

the efficiency of the irrigation system and make adjustments. The 

beneficiaries are teachers, students and society. 

 

 
 

Mobile application, Automatic irrigation, IoT 

 

Resumen  
 

El uso del agua en sistemas de riego, especialmente en la agricultura, es 

un desafío importante debido a la escasez de agua, lo que hace necesario 

cultivar hortalizas de manera más eficiente, El propósito de esta 

investigación es diseñar una aplicación móvil que permita una mayor 

optimización en la utilización del agua en el cultivo hidropónico de la 

lechuga en la Universidad Tecnológica Fidel Velázquez (UTFV). La 

aplicación contará con una interfaz que permitirá el monitoreo continuo 

de la humedad del suelo, automatización del riego según las necesidades 

del cultivo programación personalizables de horarios de riego integración 

de tecnología IoT para comunicación y control de alertas y notificaciones 

en caso de problemas o condiciones anormales. El procesamiento de 

datos es en tiempo real en la plataforma Cloud Computing ThinkSpeak, 

donde se realzará el análisis de datos para evaluar la eficiencia del 

sistema de riego y realizar ajustes. Los beneficiarios son docentes, 

alumnos y la sociedad. 
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Introduction 

 

The use of water is defined as the application of 

water to an activity where consumption occurs.  

 

This consumption is understood as the 

difference between the volume supplied and the 

volume discharged, and it is referred to as 

consumptive use. There are other uses that do not 

consume water, such as the generation of 

electrical energy using water stored in dams; 

these are called non-consumptive uses 

(CONAGUA, 2022). 

 

Water scarcity in Mexico has increased 

in recent years. Along with population growth, 

food consumption has also risen, making it 

necessary to grow vegetables efficiently, 

eliminating water waste, and carefully managing 

the water, sunlight, temperature, and soil 

requirements for each vegetable species. 

 

At the Fidel Velázquez Technological 

University, located in the municipality of 

Nicolás Romero, State of Mexico, hydroponic 

lettuce cultivation is required for educational 

purposes within the Environmental Technology 

program. 

 

For this specific project, hydroponic 

lettuce cultivation was chosen because of its 

short harvest time. Lettuce requires little 

sunlight, and while it is sensitive to humidity, 

which can promote fungal growth, it has a lower 

risk of pests when grown for 50 to 70 days, 

provided its specific needs are met.  

 

This type of cultivation is not affected by 

meteorological phenomena, allowing for off-

season production and reducing water 

consumption by enabling recycling, which also 

helps lower environmental pollution. 

 

The main beneficiaries of this project are 

the university, teachers, students, and society as 

a whole.  

 

The implementation of automatic 

irrigation will solve the problem of inefficient 

water use, reduce costs, and contribute to more 

sustainable and efficient agricultural production 

by offering a technical and systematic solution. 

 

 

 

 

Box 1 
 

 
Figure 1 

UTFV Greenhouse Environmental Technology 

Degree       
Source: Own elaboration 

 

Development 

 

Functional Requirements 

 

The functional requirements of the system are as 

follows: 

 

- Integration with IoT Devices: 

Integrate soil moisture sensors and 

irrigation pump actuators to collect data 

and control irrigation operations 

remotely. 

- Notifications and Alerts: 

Send notifications and alerts to the user 

in case of abnormal soil moisture levels 

or issues with the automatic irrigation 

system. 

- User Registration: 

Provide a system for user registration to 

allow personalized monitoring and 

control of irrigation. 

- Data Storage: 

Store and process data in real-time on a 

Cloud Computing platform. 

 

Non-Functional Requirements 

 

- Security: 

Ensure protection against potential cyber 

threats, guaranteeing the integrity and 

confidentiality of crop data. 

- Scalability: 

Adapt to different crop sizes and 

changing needs, allowing for easy 

expansion or modification. 

- Energy Efficiency: 

Minimize energy consumption, ideally 

by integrating solar energy cells. 
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- Reliability and Availability: 

Ensure the system is reliable and 

available at all times, guaranteeing 

continuous operation of the automatic 

irrigation system. 

- Compatibility with IoT Communication 

Standards and Protocols: 

Facilitate interoperability with other 

devices and systems in the future. 

- Usability: 

Provide an intuitive interface that allows 

users to monitor and control the 

irrigation system efficiently. 
 

Environmental Requirements 

 

- Resistance to Environmental Conditions: 

Ensure reliable operation under varying 

environmental conditions, with 

protective casing and a permanent Wi-Fi 

connection. 

- Protection Against Corrosion and 

Humidity: 

Properly locate the prototype and 

provide protective casing to guarantee 

durability and long-term performance. 

 

For this research, a development board 

was used along with a sensor to collect the data, 

which was uploaded to the ThingSpeak platform. 
 

Box 2 
 

 
Figure 2 

Tools used in research      
 Source: Own elaboration 

IoT Platform 

ThingSpeak was selected as the platform for this 

application due to several key factors. Firstly, it 

is open-source, and more importantly, it is fully 

compatible with Arduino and Raspberry Pi. 
  
This compatibility enables the collection 

and storage of data from IoT devices, allowing 

the aggregation, visualization, and real-time 

analysis of data streams in the cloud. 

Additionally, ThingSpeak can send alerts using 

web services like Twitter and Twilio. 

The platform is compatible with the 

following hardware and software: 

 

- Arduino 

- ESP8266 and ESP32 WiFi modules 

- Electric Imp 

- Raspberry Pi 

- MATLAB and Simulink 

- Internet of Things (IoT) devices 

 

By integrating MATLAB, the collected 

data can be analyzed and displayed graphically. 

Events can also be configured to trigger 

responses, such as turning on the irrigation 

pump. Figure 3 illustrates the system's 

architecture. 

 

ThingSpeak uses a concept called 

“ThingSpeak Channel” to store data sent from 

devices. Each channel is composed of the 

following parts: 

 

- Eight data fields: These fields are used to 

store various types of data from sensors 

or embedded devices. 

- Three location fields: Used to store 

latitude, longitude, and elevation data. 

- A status field: Used to describe the 

information stored in the channel. 

 

Data is transmitted to the platform via the 

Hypertext Transfer Protocol (HTTP). 

 

System Architecture 

 

The IoT system designed for the hydroponic 

irrigation of lettuce is based on a four-layer 

architecture, described as follows: 

 

1. Perception (Object) Layer: This is the 

physical layer where sensors, such as 

humidity sensors, are located to capture 

the necessary data for the application. 

2. Network (Abstraction) Layer: Acts as the 

transport layer, responsible for 

transferring data from the perception 

layer to the processing layer (and vice 

versa) using a Wi-Fi network. 

3. Process (Middleware) Layer: This layer 

receives the data from the network layer 

and uses database technologies to 

manage the information efficiently. 

4. Application Layer: Provides the services 

of the hydroponic irrigation system, 

allowing users to manage and control the 

irrigation process. 
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Figure 3 illustrates this architecture, 

showing the distribution and interaction between 

the different components of the system. 

 

Box 3 
 

 
Figure 3 

System architecture       
Source: Own elaboration 

 

Physical Connection 

 

The physical setup involves a humidity sensor 

placed directly in the area where the lettuce is 

grown. This sensor connects to an Arduino 

device, which has been pre-programmed to 

receive the data collected by the sensor.  

 

Additionally, a water pump is connected 

to the Arduino board, which is responsible for 

controlling the irrigation system. 

 

The Arduino board is then connected to a 

Raspberry Pi via a USB port, which supplies the 

necessary voltage to operate and transfers the 

sensor data to the Raspberry Pi. 

 

 Using a Python-based program on the 

Raspberry Pi, the data is sent to the ThingSpeak 

platform over HTTPS, where a database has 

been set up to receive and store this information. 

 

Moreover, there is an application that 

retrieves the data from ThingSpeak, enabling 

real-time monitoring and decision-making 

regarding soil humidity and irrigation. 

 

The Raspberry Pi was chosen for its 

versatility, offering various connectivity options 

and native support for multiple GNU/Linux 

distributions. 

 

Sensors 

 

The DHT11 sensor is used to collect data on soil 

temperature and humidity.  

Drivers for this sensor are available in the 

Python programming language, simplifying 

integration with the system. 

 

Box 4 
 

 
Figure 4 

Sensor Connection to Arduino     
Source: Own elaboration 

 

Connection Between the Sensor, Arduino, 

and Raspberry Pi 

 

The sensor, Arduino, and Raspberry Pi are 

connected to allow real-time readings of both 

temperature and humidity data. The DHT11 

sensor is linked to the Arduino, which processes 

the raw data and transmits it to the Raspberry Pi 

for further analysis and storage.  

 

This setup enables continuous 

monitoring of environmental conditions in the 

lettuce cultivation area. 

 

Raspberry Pi Setup 

 

The first step in configuring the Raspberry Pi is 

to install the full Raspbian desktop operating 

system. This can be done by flashing the 

Raspbian image onto a micro SD card, which is 

then inserted into the Raspberry Pi to serve as its 

main storage and operating system. 

 

Box 5 
 

 
Figure 5 

Device connection diagram       
Source: Own elaboration 
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Materials and Methods 

 

The research was conducted at the 

Technological University Fidel Velázquez, in a 

controlled hydroponic lettuce cultivation 

environment located in a sawtooth-type 

greenhouse.  

 

The greenhouse has a 15° slanted roof 

oriented east-west with the roof facing north to 

capture optimal sunlight in the southern 

hemisphere. The top is covered with translucent 

plastic, and the sides are fitted with mesh, 

designed to replicate or simulate climatic 

conditions favorable for crop growth with some 

independence from external weather conditions.  

 

The greenhouse dimensions are 4 meters 

by 8 meters, with a height of 3 meters, and is 

situated in front of Building K of the 

Environmental Technology Department. 

 

Box 6 
 

 
Figure 6 

Greenhouse distribution  
Source Own elaboration 

 

Materials and Methods 

 

The study follows a quantitative and 

experimental approach, as the required 

environmental variables include ambient 

temperature (°C) in the environment where the 

sample of 10 lettuce units is grown.  

 

This temperature must be monitored to 

maintain optimal growing conditions. 

Additionally, the relative humidity percentage is 

controlled to ensure proper levels. 

 

Data collection was carried out through 

sensors measuring temperature, humidity, 

substrate moisture, pH, the automated irrigation 

controller, and water and energy consumption 

meters. 

Variables related to the growing medium 

include substrate moisture percentage, which 

measures the water content in the hydroponic 

substrate to ensure the proper amount of water is 

provided. The pH level of the nutrients indicates 

the optimal range for nutrient absorption. 

 

Regarding the irrigation system 

variables, they include: 

 

- Irrigation frequency: Determines how 

many times per day the irrigation system 

activates. 

- Irrigation duration: Measured in minutes, 

it indicates the length of each irrigation 

cycle. 

- Water volume applied: Measured in 

liters, it indicates the total amount of 

water applied during each irrigation 

cycle. 

 

Variables 

 

- The environmental variables to be 

monitored are: 

- Ambient temperature (°C): This ensures 

optimal conditions for the lettuce crop. 

- Relative humidity percentage: 

Controlled to regulate moisture levels. 

- The growing medium variables include: 

- Substrate moisture percentage: Measures 

water content in the hydroponic 

substrate. 

- Nutrient pH: Indicates the optimal range 

for nutrient absorption. 

- The irrigation system variables include: 

- Irrigation frequency: Determines the 

number of activations per day. 

- Irrigation duration: Specifies the 

duration of each irrigation cycle in 

minutes. 

- Water volume applied: Total amount of 

water used in each cycle, measured in 

liters. 

- Control and monitoring variables 

include: 

- Water consumption: Measured in liters to 

track total water usage. 

- Energy consumption: Measured in 

kilowatt-hours (kWh) for the irrigation 

system and other electrical components. 

- Web API services provide data on: 

- Water quality and climate API: Used to 

monitor water quality and weather 

conditions. 
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- Viewer interface: Displays real-time data 

on water quality, weather conditions, and 

controls for adjusting irrigation system 

parameters. It also sends alerts and 

notifications when intervention is 

required. 

 

Results 

 

The automated irrigation system is designed as a 

mobile tool, allowing students in the 

Environmental Technology program to control 

and monitor water usage for the lettuce crop. The 

primary goal is to optimize water use, and the 

system achieves this by tracking soil temperature 

and humidity. 

 

The data collected is sent to the 

ThingSpeak platform, where it is analyzed in 

real-time, represented graphically, and made 

available on mobile devices. This enables 

informed decision-making when cultivating 

lettuce or other vegetables. Figure 1 illustrates 

the application's login screen, which includes 

fields for entering a username (email) and 

password, as well as buttons for logging in and 

creating a new account. 

 

Box 7 
 

 
 

Figure 7 

Login home screen       
Source Own elaboration 

 

Create Account Screen 

 

When the "Create Account" button is pressed, 

the screen shown in Figure 7 will be displayed. 

Here, users can register a new account by 

providing the following information: 

 

- Email address 

- Full name 

- Username 

- Password 

- Confirm password (re-enter password) 

 

The screen also includes two buttons: 

 

- Create Account: Registers the new user 

and saves their information. 

- Return: Takes the user back to the home 

menu. 

 

This registration process ensures users 

can create personalized accounts for monitoring 

and controlling the automated irrigation system. 

 

Box 8 
 

 
Figure 8 

Create Account Screen          
Source Own elaboration 

 

Control Screen 

 

In the control screen, as depicted in Figure 8, 

users can: 

 

- Control the Water Pump: Adjust the 

operation of the water pump based on the 

soil humidity range. This allows for the 

regulation of humidity as needed. 

- Activate/Deactivate the Water Pump: 

Manually turn the water pump on or off 

to manage irrigation. 

- Overview of Hydroponic Growing 

System: View current status indicators 

for the hydroponic system, including: 

 

o Substrate Humidity: Display the 

current moisture level of the 

hydroponic substrate. 

o Ambient Temperature: Show the 

current temperature of the 

environment. 

o Temperature and Humidity 

Range Notifications: Receive 

alerts when the temperature or 
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humidity falls outside of the set 

range. 

o Data Detection Alerts: Get 

notified if data from the sensors 

is not detected or if there are 

issues sending information to the 

database. 

 

This screen facilitates comprehensive 

monitoring and control of the hydroponic 

system, ensuring that irrigation and 

environmental conditions are managed 

effectively. 

 

Box 9 

 

 
Figure 9 

The control screen shown       
Source Own elaboration 

 

History and Graphs Screen 

 

On the history screen, as shown in Figure 9, 

users can: 

 

- Display Historical Graphs: View graphs 

of historical data collected from substrate 

humidity and temperature sensors. These 

graphs illustrate trends and changes over 

time. 

- Analyze Data Trends and Patterns: 

Examine historical data to gain insights 

into hydroponic growing behavior, 

allowing users to make informed 

adjustments based on observed trends. 
 

The application, available for installation 

on mobile devices, features an intuitive interface 

designed to enhance the user experience. The 

IoT platform ThingSpeak processes and 

analyzes data in real-time, providing default 

graphs through MATLAB for the data series 

configured on the channel. Communication with 

ThingSpeak is conducted wirelessly via Wi-Fi 

technology. 

This project benefits the Universidad 

Tecnológica Fidel Velázquez (UTFV), its 

faculty, students, and the broader community by 

advancing sustainable and efficient agricultural 

practices. The primary objective is to improve 

water use efficiency in hydroponic systems. 

 

Box 10 
 

 
Figure 10 

History and graphs screen 

      Source Own elaboration 

 

Configuration Screen 

 

On the configuration screen, users can: 

 

- Set Humidity Thresholds: Adjust the 

humidity levels that trigger automatic 

watering. 

- Configure Data Collection Intervals: 

Define how often data is collected and 

sent to the platform. 

- Manage Notifications and Alerts: Set 

preferences for notifications and alerts 

regarding system status and events. 

- User Account Management: Admins can 

manage user accounts, including 

creating, editing, and deleting user 

profiles. 
 

Help and Support Screen 
 

The Help and Support screen, as shown in Figure 

10, offers: 
 

- Frequently Asked Questions (FAQs): 

Provides answers to common queries 

about using the application and system. 

- Step-by-Step Tutorials: Guides users 

through various features and functions of 

the system. 

- Customer Service Contact: Offers 

options for users to reach out for 

troubleshooting or other inquiries. 
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These screens enhance the usability of 

the application, ensuring users have the 

resources they need for efficient system 

management and support. 
 

Box 11 
 

 
 

Figure 11 

Help and support screen 
      Source Own elaboration 

 

Project Summary 

 

The IoT-based hydroponic irrigation system for 

lettuce optimizes water usage by adjusting it to 

the plant's specific needs and allowing for its 

reuse, significantly reducing overall 

consumption.  

 

The integration of sensors and automated 

irrigation scheduling enhances the efficiency of 

water, energy, and human resource utilization, 

making this system both productive and cost-

effective. Its scalability means it can be adapted 

for other types of vegetables as well. 

 

The IoT technology enables remote 

monitoring and management of the irrigation 

system via an application, which can be accessed 

from anywhere at any time.  

 

This simplifies operation through an 

intuitive interface developed using App 

Inventor.  

 

The system improves crop quality by 

promptly detecting issues such as wireless 

disconnection or adverse weather conditions, 

leading to a more robust and high-quality 

harvest. 
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