
Abstract: This study presents the development of a low-cost 

web-based platform designed to improve precision agriculture 

in the sugarcane sector through real-time monitoring of key 

environmental variables. The proposed system aims to address 

the technological gap in rural agricultural settings by 

integrating accessible and open-source technologies. The 

methodology involved the use of temperature, humidity, and 

rainfall sensors connected to an Arduino microcontroller, 

which transmits the collected data via HTTP to a MySQL 

database. A web interface, developed using HTML, CSS, and 

PHP, enables users to remotely visualize environmental 

conditions through graphical and numerical formats. The 

platform was implemented and tested in a sugarcane cultivation 

environment to evaluate its performance in terms of 

responsiveness, stability, and usability. Results from field 

testing indicated a latency of less than three seconds in data 

transmission, with an automatic update frequency of 

approximately one minute. Additionally, a significant reduction 

in data retrieval time was observed, along with improved 

accuracy in decision-making due to the real-time visualization 

of critical parameters. The entire solution was developed with 

cost efficiency in mind, reaching an estimated implementation 

cost of approximately $500, significantly lower than traditional 

commercial systems. The proposed platform not only automates 

data acquisition and visualization but also lays the foundation 

for future integration with artificial intelligence algorithms to 

enable predictive analysis and advanced decision support. This 

system offers a scalable, adaptable, and affordable tool to 

support small and medium-sized producers in rural areas.

 Keywords: Arduino, Embedded Systems, Environmental 

Monitoring, Internet of Things, Precision Agriculture 

I. INTRODUCTION 

The Internet of Things (IoT) has transformed multiple 

sectors, including precision agriculture, by enabling real-

time monitoring of critical environmental variables. The 

integration of smart sensors, web platforms, and 

communication technologies has optimized the use of 

resources such as water, fertilizers, and pesticides, thereby 

improving the sustainability and efficiency of agricultural 

practices [1]. The agricultural sector currently faces major 

challenges related to climate change, water scarcity, and the 

urgent need to maximize food production efficiently. 

Traditionally, environmental data collection was performed 

manually, resulting in delays and potential errors in 

decision-making. With the integration of IoT systems, 

farmers can now access real-time information on weather 

conditions, soil moisture, and crop status, facilitating data-

driven decision-making [2]. 

Within IoT architecture applied to agriculture, there are 

two fundamental layers: the perception layer and the 

network layer. The perception layer includes sensors that 

collect data on temperature, soil moisture, and light 

intensity, while the network layer utilizes communication 

technologies such as LoRa, Xbee, and Sigfox to transmit the 

data to processing platforms. Among these technologies, 

LoRa has been widely adopted in agriculture due to its low 

energy consumption and long-range capabilities, making it 

suitable for rural environments [3]. However, the effective 

integration of web platforms for monitoring and data 

analysis remains a challenge. Real-time data visualization 

and efficient data storage require optimized solutions that 

allow farmers to remotely access and manage environmental 

information [4]. This study addresses the optimization and 

integration of web platforms for monitoring environmental 

variables in agriculture, exploring various technological 

solutions and their impact on the sector’s efficiency and 

sustainability.  

Despite advances in the development of monitoring 

systems for precision agriculture, many existing solutions are 

costly, require advanced technical skills, or depend on 

network infrastructure that is not always available in rural 

areas. Furthermore, most research has focused on data 

transmission without fully addressing remote visualization 

and accessible data management. In this context, the present 

work proposes a low-cost solution based on open 

technologies that integrates real-time acquisition, 

transmission, storage, and web visualization of 

environmental data, specifically tailored to the needs of the 

sugarcane sector in rural areas. This proposal seeks to bridge 

the gap between technological availability and the 

operational capacity of small-scale producers, thereby 

contributing to the effective adoption of precision 

agriculture.  
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Accordingly, the objective of this study is to design and 

implement a low-cost web platform for real-time monitoring 

of environmental variables, adapted to the conditions of the 

sugarcane sector in rural zones, in order to enhance 

agricultural decision-making efficiency through accessible 

IoT technologies. 

A. State of the Art 

A.1. Existing Platforms for Precision Agriculture 

One of the main challenges in implementing IoT in 

agriculture is the efficient collection, transmission, and 

analysis of acquired data. The optimization of web 

integration for environmental monitoring relies on the 

efficiency of real-time data transmission and its accurate 

visualization. Web platforms play a crucial role by allowing 

farmers to access and analyze information remotely, thereby 

supporting informed decision-making [5]. A relevant system 

[6] integrates humidity and temperature sensors (SHT31 and 

DHT22) into a waterproof, dustproof wireless node with 

179-hour battery autonomy. The node communicates via 

Xbee modules with an ESP32-based coordinator, 

transmitting data to the cloud through the ThingSpeak 

platform for processing. The solution incorporates dual 

interfaces: a local interface for offline monitoring and a web 

interface for remote access and real-time analysis. 

Automation in precision agriculture improves crop 

management efficiency by enabling real-time data collection 

on humidity, temperature, and light intensity. These data, 

stored and processed on web platforms, facilitate the 

optimization of irrigation, fertilization, and pest control 

practices, reducing resource waste and maximizing 

agricultural yields [7]. The connectivity provided by these 

platforms allows access to information from any internet-

enabled device, promoting efficient and sustainable crop 

management [8]. Implementation examples of these 

technologies include the Citrus Observatory in the 

Guadalquivir Valley, which employs smart sensors and 

digital platforms to monitor pests, weather conditions, and 

irrigation needs. This system enables the precise and 

sustainable application of phytosanitary treatments through 

intelligent traps equipped with artificial intelligence, 

optimizing pesticide use and improving agricultural 

productivity [9]. 

A.2. Emerging Technologies in Agricultural IoT 

Wireless sensor networks (WSNs) integrated with IoT 

cloud systems enable precise monitoring of crop 

microclimatic conditions. As demonstrated in [10], an IoT-

based real-time irrigation supervision system improves 

water-use efficiency and enhances agricultural sustainability. 

Moreover, the integration of emerging technologies such as 

LoRaWAN, Machine Learning (ML), and Augmented 

Reality (AR) has proven effective in predicting 

environmental conditions and improving decision-making 

efficiency in precision agriculture [11]. In terms of security 

and efficiency in agricultural data storage, the combination 

of IoT and blockchain ensures transparency and protection 

of information, allowing secure real-time access to data. This 

is essential for traceability in agricultural processes and for 

optimizing resource management [12]. Researchers have 

also analyzed how the integration of IoT and Artificial 

Intelligence (AI) can transform precision agriculture by 

enhancing decision-making and resource optimization. This 

convergence promises to address challenges such as climate 

change and food scarcity, promoting sustainability and 

improving productivity in the agricultural sector [13]. 

Recent studies have explored the convergence of the Internet 

of Everything (IoE) and molecular communication in 

precision agriculture. These emerging technologies offer 

new opportunities for efficient crop management and 

improved agricultural sustainability [14]. 

A.3. Low-Cost Solutions and Feasibility in Rural Areas 

Another important aspect in optimizing agricultural 

monitoring is the development of low-cost IoT systems. 

Recent studies highlight the implementation of affordable 

LoRa-based solutions for crop monitoring, allowing the 

remote collection of environmental data with low energy 

requirements. These approaches represent a viable 

alternative for small and medium-sized agricultural 

producers [15]. [16] investigates IoT-integrated precision 

agriculture monitoring systems, demonstrating significant 

improvements in irrigation efficiency and resource 

optimization. Likewise, the development of LoRa-based 

monitoring solutions and their application in agriculture 

have proven to be essential tools for improving productivity 

and reducing operational costs [17]. With the continuous 

advancement of these technologies, web integration for 

environmental variable monitoring in the agricultural sector 

is emerging as a key tool to enhance efficiency, 

sustainability, and resilience in the face of current and future 

challenges. 

B. Technical Justification of the Proposed System 

B.1. Technologies Used for System Development 

Development Platform: Arduino. Arduino uses a 

programming language based on C++, making it a versatile 

platform for the development of automation and monitoring 

projects. Its ease of use and large community support have 

enabled the integration of multiple sensors and 

communication modules. The Arduino language is designed 

to simplify microcontroller programming by providing 

structures and functions that facilitate efficient hardware 

control [18]. 

JSON (JavaScript Object Notation). JSON is a text-

based data format used to store and exchange data in a 

format that is both human-readable and easily parsed by 

machines. It is widely used in web and mobile development 

due to its simplicity, flexibility, and compatibility with 

various programming languages. Moreover, JSON enables 

information exchange between different platforms, making it 

an essential format for dynamic applications, system 

configurations, and NoSQL databases [19]. 

Visual Studio Code. Visual Studio Code (VS Code) was 

created to meet the need for a lightweight, fast, and highly 

customizable code editor compatible with various platforms. 
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It supports multiple programming languages, integrates with 

source code control tools, and offers powerful debugging 

features. Key features include IntelliSense for code 

completion, extensions for enhanced functionality, and 

seamless Git integration. The goal was to improve developer 

productivity while maintaining a simple and intuitive user 

experience [20]. 

B.2. Communication and Database 

Before analyzing how Arduino handles communication 

between a web browser and the web server it uses, it is 

important to understand the fundamentals of the Hypertext 

Transfer Protocol (HTTP) and Hypertext Markup Language 

(HTML) [21]. HTTP is the mechanism that enables 

communication between web browsers and a server. When a 

user accesses a webpage through a browser, it sends a 

request to the server hosting the page, specifying the 

information it requires. In some cases, the request simply 

consists of retrieving the page content in HTML format. The 

web server remains on standby for such requests and 

processes them upon arrival. In a basic scenario, processing 

the request involves responding with the HTML code 

defined in the Arduino program [21].  

To enable an Arduino device to send data directly to a 

MySQL database without using an intermediary such as 

PHP, the MySQL Connector/Arduino library can be 

employed. This library, developed by Dr. Charles Bell under 

the GPLv2 license, allows Arduino to efficiently 

communicate with a MySQL server, storing sensor data or 

any other type of information in the database [22]. To 

establish the connection, the following are required: 

 A MySQL server, which can run on operating systems

such as Linux, Windows, or Mac. 

 The MySQL Connector/Arduino library installed in the

Arduino development environment. 

 An Arduino board—preferably an Arduino Uno or

Arduino Mega—with Ethernet or Wi-Fi connectivity 

[22]. 

Arduino Code. In the Arduino code, the MySQL 

Connector library must be included, and the connection 

parameters—such as the server IP address and user 

credentials—must be configured. A basic example of 

establishing a connection to a MySQL database from 

Arduino is shown in Fig. 1: 

Fig. 1. Basic example of MySQL connection from Arduino [22]. 

With this configuration, Arduino can connect directly to 

the MySQL server and send sensor data for storage and 

subsequent analysis [22]. 

B.3. Web Design 

The system's web interface was developed using HTML 

and CSS, supported by the Visual Studio Code development 

environment. The design was organized into a modular 

structure that separates functionalities visible to the end user 

(Web Apps) from administrative functions (Web Admin). 

This organization facilitates system maintenance and 

scalability. The Web Apps module enables users to view 

environmental variables recorded by the sensors in real time, 

displaying the data in both graphical and numerical formats. 

The graphs are dynamically generated from the MySQL 

database, with one-minute refresh intervals. The responsive 

design allows access from both mobile devices and desktop 

computers, improving accessibility.  

On the other hand, the Web Admin module is focused on 

system control and management. It allows for the 

registration of new monitoring antennas, editing of 

operational parameters, and management of user profiles 

(client or administrator). These functions are protected by 

access credentials, ensuring data security. All pages were 

developed following usability and simplicity principles, 

using a sober color palette, readable typography, and 

hierarchical navigation structures. Figure 8 shows the 

system's initial view, including login, registration, and 

antenna monitoring options [23]. 

B.4. Tools for Design and Simulation 

EasyEDA is an online Electronic Design Automation 

(EDA) software that allows users to create, model, and 

simulate electronic circuits. It supports schematic capture, 

SPICE simulation for both analog and digital circuits, and 

PCB layout design. Users can share projects and generate 

Gerber files for PCB manufacturing. EasyEDA offers both 

free and paid memberships, with additional features 

available in the paid version. The tool is compatible with 

files from other EDA software such as Altium and KiCad. 

Launched in 2014, its popularity has grown due to its 

comprehensive and intuitive design tools [24]. 

Fig. 2. EasyEDA logo [24]. 

II. METHODOLOGY

To develop the environmental variable monitoring system 

for the agricultural sector, a structured methodology was 

followed through several stages—from system design to its 

implementation and optimization. Fig. 3 illustrates the 

methodology implemented. 
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Fig. 3. Methodology 

1. Requirements Establishment

The system requirements were established based on the 

specific needs of the agricultural sector. The environmental 

variables to be monitored—temperature, humidity, and 

precipitation—were identified, and sensors compatible with 

the Arduino platform were selected for data acquisition. An 

efficient communication system was designed to transmit the 

data collected by the station to a cloud-based storage 

solution. 

2. Sensor Selection and Configuration

To measure the environmental variables, appropriate 

sensors were selected based on factors such as accuracy, low 

cost, energy consumption, and compatibility with the 

development platform and data transmission protocols. The 

selection was informed by a literature review that identified 

the most suitable sensors for the intended application. The 

selected sensors included the DHT11 for measuring 

temperature and humidity, the DS18B20 for high-precision 

temperature measurement, and the KY-035, a digital-output 

Hall Effect magnetic sensor. Each sensor was configured 

individually and subsequently connected to the Arduino 

board. Reading and calibration tests were performed to 

verify proper operation before integration. Table 1 presents 

the characteristics of the sensors used. 

Although these sensors are widely applied in low-cost IoT 

projects, their long-term stability in harsh agricultural 

environments may be affected by factors such as humidity, 

dust, and prolonged solar exposure. In this regard, the 

DHT11, while economical, may experience calibration drift 

in high-humidity conditions; the DS18B20 offers greater 

stability and precision but requires adequate waterproofing; 

and the KY-035 rain gauge sensor depends on the 

mechanical reliability of the tipping bucket mechanism. To 

mitigate these risks, periodic recalibration, protective 

housings (IP65-rated enclosures), and sensor redundancy are 

recommended to ensure data reliability over extended field 

deployments. 

TABLE I. SELECTION AND CONFIGURATION OF SENSORS 

Sensor Measured 

Variable 

Operating 

Range 

Accuracy Signal 

Type 

DHT11 Temperature 

and humidity 

0 to 50 °C/ 

20–80 % RH 

±2 °C / ±5 % 

HR 

Digital 

DS18B20 Temperature –10 °C to 

85 °C

±0.5 °C Digital (1-

Wire) 

KY-035 Precipitation 

(Hall Effect) 

Depends on 

tipping 

bucket 

Variable 

(per pulse) 

Digital 

3. Communication System Design

Communication between the Arduino with the Wi-Fi 

Shield and the MySQL database was established using the 

JSON (JavaScript Object Notation) format for organizing 

and handling the data before storage. In order to enable data 

transmission and establish communication between the 

Arduino and the database, it is necessary to define the IP 

address of the server hosting the MySQL service. In a local 

network, the IP addresses of all devices (server, Arduino, 

router) must fall within the same range. To identify the IP 

address of the server where the database will be hosted, the 

command prompt (CMD) in Windows is used, executing the 

ipconfig command as shown in Fig. 4. This command 

displays the IP address of the machine running the database. 

Fig. 4. Ipconfig command output. 

To configure the connection in the Arduino code, the Wi-

Fi Shield is programmed with the network credentials (SSID 

and password). The IP address of the MySQL server is 

defined within the Arduino code, and the connection is 

established to send data in JSON format. For data 

visualization on the web page, once the data is stored in the 

database, it can be retrieved and displayed through a web 

interface. The web server accesses the MySQL database and 

presents the information in a user-friendly format. Fig. 5 

shows the assignment of MAC addresses for the Wi-Fi 

Shield and the corresponding IP addresses. 

Fig. 5. Address assignment in Arduino. Note: Comments in the code are 

shown in Spanish due to hardware limitations during capture. 
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4. Data Acquisition

For data acquisition in this project, the DHT11 sensor was 

used to measure temperature and relative humidity. This 

sensor operates within a range of 0°C to 50°C with an 

accuracy of ±2°C for temperature and from 20% to 80% RH 

with an accuracy of ±5% RH. Additionally, the DS18B20 

digital temperature sensor was integrated; it offers high 

precision with a margin of error of ±0.5°C, over a range of –

10°C to 85°C, making it suitable for humid environments or 

submersible applications. For precipitation measurement, a 

rain gauge based on the KY-035 Hall effect sensor was 

implemented. This sensor generates an electrical signal 

proportional to the collected water volume via a tipping 

bucket mechanism. All these sensors are connected to an 

Arduino microcontroller, which captures the raw signals 

(analog or digital) and prepares them for processing.  

Once the raw signals are acquired, the system proceeds 

with sensor reading. This stage is performed by the Arduino 

microcontroller, which converts analog or digital signals into 

useful numerical values. Specific libraries are used for each 

sensor; for example, the DHT library ensures reliable and 

accurate readings of temperature and humidity. The 

DS18B20 communicates via the 1-Wire digital protocol, 

enabling precise temperature measurements. Meanwhile, the 

KY-035 Hall effect rain gauge produces electrical pulses 

that are counted by the microcontroller to determine the 

precipitation amount in millimeters. During this stage, 

verification routines are also implemented to discard faulty 

or out-of-range readings, ensuring data quality and 

reliability.  

The data processing stage is essential to transform raw 

readings into actionable information. After acquisition and 

reading, the data undergo filtering to remove noise or 

outliers, using techniques such as signal smoothing or digital 

filtering. The processed data are then stored locally on an 

SD card or transmitted to a cloud platform for remote 

storage and real-time access. Basic analysis techniques, such 

as calculating averages, identifying trends, or detecting 

specific events like sudden rainfall increases, are also 

applied. Finally, the data are displayed on a graphical 

interface, such as a dashboard or mobile application, which 

presents the monitored environmental variables in a clear 

and user-friendly format, facilitating interpretation and 

decision-making. 

5. Data Transmission to the Cloud

To carry out the data transmission stage from the Arduino, 

a function named enviarDatosPost() was created in the code. 

This function is responsible for retrieving sensor readings 

from the Arduino and sending them to a database via an 

HTTP connection. The IP address of the server and the 

target path in the database where the data will be stored are 

defined in the code. Subsequently, a JSON-formatted data 

packet is constructed and sent using an HTTP client. If the 

connection is successful, a confirmation message is printed; 

otherwise, an error message is displayed indicating a 

connection failure. Fig. 6 shows the declaration of this 

variable in the code. 

Fig. 6. Declaration of data transmission variable. 

6. Arduino Software Development for Database

Communication 

The Arduino code developed for this project implements a 

monitoring system that collects data on temperature, 

humidity, and precipitation, and transmits it to a database via 

the Internet using an Ethernet Shield. To enable 

communication over the network, the code sets the MAC 

address and a static IP address. During the initialization 

phase, the system verifies the Ethernet connection and the 

presence of the network cable, ensuring that the hardware is 

properly connected. In the main loop, every 8 seconds, the 

function enviarDatosPost() is executed. This function 

establishes a connection with a server and sends the data 

using an HTTP POST request in JSON format. The request 

includes parameters such as the antenna identifier, 

temperature, and humidity values. If the connection to the 

server is successful, the Arduino transmits the data; 

otherwise, an error message is displayed on the serial 

monitor. This system enables continuous monitoring of 

environmental variables and stores the collected information 

in a database for subsequent analysis and remote 

visualization. 
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Fig. 7. Database communication in Arduino. 

7. Database Creation

The database was developed using MySQL, an open-

source management system, and includes the necessary 

tables to store data sent from both the Arduino and the web 

platform. Its structure consists of five tables: antennas, 

monitorings, sponsors, promotions, and users, which 

organize the information and facilitate real-time reading of 

the monitored variables. Fig. 8 shows the structure and 

content of the general view of the database. 

Fig. 8. General database structure. 

8. Web Platform Development

The website was developed using Visual Studio Code as 

the programming environment, with HTML for the structure 

and CSS for the design, aiming to enhance the user 

experience. The project was organized into folders, dividing 

the code into two main sections: Web Apps, which contains 

the user-facing components, and Web Admin, intended for 

site administration. The developed interfaces include the 

homepage, which introduces the company and its services; a 

user registration page, allowing users to sign up as clients or 

administrators; the antenna monitoring and management 

section, accessible based on user permissions; the footer, 

which provides contact information; and the login interface, 

where users can authenticate themselves. Fig. 9 shows the 

project structure created in Visual Studio Code and the 

software's homepage. 

Fig. 9. Homepage of the monitoring software. 

9 Testing and Validation 

Tests were conducted to ensure the correct operation of 

the system, verifying both the programming logic and 

efficient communication with the database and the website. 

These tests included validation of the integration between 

different modules, system response under various conditions, 

and stability in data transmission. Fig. 10 shows the 

execution process of the code within the Arduino 

development environment, allowing the evaluation of system 

performance and the identification of potential errors before 

final implementation. 

Fig. 10. Code execution in the Arduino IDE. 

Functionality tests were also performed on the database to 

verify the correct capture and storage of information. Fig. 11 

shows the process in which the system records the acquired 

data, including the exact date and time of each reading. The 

stored information contains details such as year, month, day, 

hour, minute, and second, enabling precise tracking of each 

record. 

Fig. 11. Data logging process in the database. 

Experimental Validation. The prototype was installed in 

a sugarcane field in Tamazula de Gordiano, Jalisco, where 

continuous tests were conducted for 30 days. The recorded 

variables were compared against reference instruments and 

validated with data from an official meteorological station 

operated by CONAGUA in Ciudad Guzmán, Jalisco. During 

this period, sensor accuracy, energy performance, and the 
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structural integrity of the station were evaluated. The results 

confirmed the functionality of the system under real 

agricultural conditions, providing evidence of its 

applicability in field environments. 

III. RESULTS

The system proved to be functional and reliable. Figures 

12 and 13 show the homepage of the monitoring system.  

Fig. 12. Homepage of the monitoring platform (view 1). 

Fig. 13. Homepage of the monitoring platform (view 2). 

System Access: If the user already has a registered 

profile, they must enter their credentials on the login page. 

Otherwise, they should click on "Register." By selecting this 

option, the system redirects the user to a registration form, as 

shown in Fig. 14. 

Fig. 14. User registration form. 

User Registration: The registration form includes a field 

where the user must select their profile type: "Client" or 

"Administrator." Fig. 15 shows the screen displaying this 

instruction. 

Fig. 15. User type selection screen in the registration form. 

Antenna Monitoring: Once registered and logged in, the 

user can access the "Antennas" section. By clicking this 

option, a panel is displayed listing all registered antennas 

available for real-time monitoring. If detailed information 

about a specific antenna is required, the user must click on 

"More Information," which will display the data collected by 

the sensors. Fig. 16 illustrates this menu. 

Fig. 16. Antenna monitoring menu. Source: Author. 

Administrator Functionalities: If the user logs in as an 

administrator, the page will display a list of registered 

antennas. Additionally, the administrator has options to add, 

edit, or delete antennas, as well as to view real-time data. 

Fig. 17 shows this interface. 

Fig. 17. Administrator view of the web page. 

The control panel also includes a user list with the statuses 

"Logged In," "Allowed," and "Created," which can be edited 

or deleted, as illustrated in Fig. 18. 
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Fig. 18. User list on the web page. 

Data Transmission and Reception: Data transmission 

from Arduino to the database is carried out through an 

internet protocol. The data is sent via the IP address 

assigned to the board during programming. When the 

transmission is successful, the system displays a 

confirmation message: 

{"status": true, "codigo": 200, "msg": "La Monitoreo se 

agregó"} 

This message indicates that the information was 

successfully stored in the database. Fig. 19 illustrates this 

process. 

Fig. 19. Data transmission from Arduino to the database. 

On the web page, the information is captured and stored 

in the database in real time, recording the exact moment it is 

received. Fig. 20 shows the data storage process. 

Fig. 20. Data storage in the database. 

Data Visualization. The information stored in the 

database is displayed on the web page in real time. The 

client can configure the time intervals for data visualization. 

The information is presented in two formats: graphical, 

located on the left side of the screen, and numerical, on the 

right side. Fig. 21 illustrates this visualization. 

Fig. 21. Data visualization on the web page. 

Before the implementation of the platform, querying 

environmental data required physical visits to the monitoring 

points, with an average review time of 30 minutes per visit. 

With the web platform, data is now available in real time 

with an update latency of less than 3 seconds, and the 

information frequency is approximately every minute, 

representing a 95% reduction in query time. Additionally, 

the automation of data recording has helped decrease errors 

associated with manual data capture. Thanks to the real-time 

visualization of humidity levels, farmers were able to 

optimize irrigation frequency, estimating a reduction in 

water consumption in the test area. Table 2 presents a 

comparison between the conventional method of querying 

environmental data and the proposed platform, highlighting 

the operational improvements achieved. 
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TABLE II. COMPARISON BETWEEN TRADITIONAL SYSTEM AND 

PROPOSED PLATFORM 

Parameter Traditional 

method 

Proposed 

platform 

Estimated 

improvement 

Data Query 

Time 

~ 30 minutes 

(physical visits) 

<3 seconds 

(remote real-time 

access) 

95% reduction 

Update 

Frequency 

Manual, 

sporadic 

Automatic, every 

minute 

Continuous 

improvement 

Data 

Accuracy 

Prone to human 

errors 

Calibrated digital 

sensors 

Higher 

reliability 

Accessibility On-site only From any device 

with internet 

High 

accessibility 

Estimated 

Cost 

Variable (labor, 

logistics) 

~$500 USD (one-

time technological 

investment) 

Significant 

reduction 

Data Logging 

Automation 

No Yes Elimination of 

manual errors 

Scalability 

Capacity 

Limited High (AI, more 

sensors, other 

zones) 

Future 

scalability 

When comparing the developed prototype with 

commercial meteorological stations such as the MK-III 

RTN-LR, AgroMet, and MSO ICT International, significant 

differences were identified in terms of cost, scalability, and 

flexibility. Commercial equipment generally exceeds 

$20,000 MXN and relies on proprietary platforms that 

restrict hardware or software modifications. In contrast, the 

system developed in this study has an approximate cost of 

$4,500 MXN and allows modifications at both the hardware 

and software levels, making it adaptable to the specific 

needs of small and medium sugarcane producers. 

Another key advantage is the independence of the web 

visualization platform, which does not require external 

subscriptions or specialized technical support. While 

commercial solutions typically include additional variables 

such as atmospheric pressure, solar radiation, or wind speed 

with higher sensor precision, the proposed prototype focuses 

on the most relevant parameters for the sugarcane sector—

temperature, humidity, and precipitation—prioritizing low 

cost and accessibility over high complexity. 

This trade-off highlights the system’s suitability for small-

scale rural contexts, where affordability and adaptability are 

often more critical than exhaustive precision. In addition, the 

modular design allows the future integration of higher-grade 

sensors or additional variables, providing a pathway to scale 

the platform as user requirements evolve. 

IV. DISCUSSION

The proposed platform demonstrates significant 

advantages over commercial solutions, with a 75% cost 

reduction (from >$1000 to $27 USD) and improved 

accessibility for small-scale producers [6]. Implementation 

requires minimal technical expertise while achieving 

substantial performance gains, including a 99.8% reduction 

in data query latency (from 30 minutes to <3 seconds). 

These efficiency improvements align with established 

precision agriculture benchmarks [6], who also emphasize 

the importance of low latency in data updates for agronomic 

decision-making. Furthermore, the possibility of remote 

access through a web interface, as demonstrated in similar 

studies [5, 7], broadens the system’s utility in rural contexts 

where infrastructure access is limited.  

[11] validates the technical approach, showing open-

source platforms and low-cost sensors (unit cost <$50) can 

achieve comparable accuracy (±2%) to commercial 

agricultural monitoring systems, who highlight the feasibility 

of economical IoT systems for precision agriculture 

contexts. However, unlike proposals based on LoRa or 

Sigfox, this development uses Wi-Fi as the communication 

medium, which represents a limitation in terms of range in 

remote areas but an advantage in terms of rapid 

implementation in areas with basic connectivity. Unlike 

other studies primarily focused on data acquisition and 

transmission [4, 14], this proposal also addresses accessible 

visualization and management of information through a 

functional and user-friendly web platform. This aspect is key 

for real adoption by end users without specialized technical 

training. These findings demonstrate the relevance of the 

developed solution and open the door to future 

improvements to expand its functionality and coverage. 

The technical scope of the developed system demonstrates 

its replicability in diverse agricultural contexts due to the use 

of open-source microcontrollers and accessible sensors. This 

characteristic not only facilitates adoption by small-scale 

producers but also enables future integration with advanced 

analysis technologies such as artificial intelligence or big 

data, particularly for predicting climatic variables and 

performing multivariate analyses. Nevertheless, some 

limitations must be acknowledged. The accuracy of the 

selected sensors, while acceptable for decision-making at the 

farm level, does not reach industrial-grade standards, which 

could affect long-term stability under harsh field conditions. 

Similarly, the current reliance on Ethernet/Wi-Fi 

connectivity restricts deployment in rural areas lacking LAN 

or stable internet infrastructure; however, the modular design 

allows substitution with long-range communication modules 

such as LoRa or ESP32 in future iterations. Additionally, 

although the structure of the monitoring station proved 

resistant during testing, it may require reinforcement to 

withstand wind speeds exceeding 25 km/h in exposed 

environments. These considerations highlight both the 

practicality and adaptability of the system while 

underscoring the areas where improvements are required to 

ensure robustness and scalability in large-scale agricultural 

deployments. 

Additionally, in a parallel study published by Cárdenas 

Magaña [25], the prototype was validated in a sugarcane 

field in Tamazula de Gordiano, Jalisco, during 30 

consecutive days, with data acquisition every 5 minutes. The 

measured variables were compared with those from a 

reference meteorological station operated by CONAGUA in 

Ciudad Guzmán, showing acceptable agreement in 

temperature, humidity, and precipitation parameters, as well 

as in the system’s energy consumption. These results 

confirm the technical reliability and viability of the 

prototype as a low-cost alternative to higher-priced 

commercial stations. 

V. CONCLUSIONS 

The implementation of the proposed web platform proved 

to be an efficient, accessible, and replicable solution for real-

time monitoring of environmental variables in the 
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agricultural sector, particularly for sugarcane crops in rural 

areas. The system successfully integrated low-cost digital 

sensors (DHT11, DS18B20, and KY-035), an Arduino 

microcontroller, and a MySQL database, all interconnected 

via Wi-Fi and visualized through a web interface developed 

using HTML, CSS, and PHP.  

Among the most relevant technical achievements were data 

transmission with latency below 3 seconds, an update 

frequency of approximately one minute, and real-time 

remote visualization. This represented a 95% reduction in 

query time compared to the traditional method and 

minimized human errors by automating data recording.  

From an economic perspective, the system had an 

approximate cost of $500 USD, representing a viable 

alternative to commercial solutions costing over $2,000 

USD, thereby facilitating adoption by small and medium 

producers. However, areas for improvement were identified, 

including the development of a mobile-optimized interface, 

integration of artificial intelligence algorithms for predictive 

analysis, and the use of long-range communication 

technologies such as LoRa or NB-IoT.  

In the future, the system is planned to be scaled into a 

distributed network of monitoring stations, incorporating 

new variables such as solar radiation, wind speed, and soil 

nutrient content, with the aim of enriching the 

characterization of the agricultural environment and 

strengthening data-driven decision-making. 
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