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RESUMEN 

 

El proyecto presenta una alternativa para la adquisición y gestión de métricas de estaciones 

meteorológicas remotas para aplicaciones en las áreas agrícola y energética, entre otras, 

mediante protocolo stack basado en controladores ATMEGA328P asociados a Wireless ISP 

802.11 b / g para conectividad inalámbrica al servidor. Los parámetros adquiridos de las 

estaciones se almacenan en una base de datos para su análisis fuera de línea y en la web en 

línea.  
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IMPLEMENTATION OF A NETWORK OF WIRELESS WEATHER STATIONS 

USING A PROTOCOL STACK 

VACACELA, Segundo G.1, FREIRE, Luigi O.1 

 

 
1 Universidad Técnica de Cotopaxi, Latacunga, Ecuador 

segundo.vacacela0@utc.edu.ec, luigi.freire@utc.edu.ec 

Abstract. The project presents an alternative for acquisition and management of 

remote weather station metrics for applications in the agricultural and energy 

areas, among others, through stack protocol based on ATMEGA328P controllers 

associated with Wireless ISP 802.11 b/g for wireless connectivity to the server. 

The parameters acquired from the stations are stored in a database for offline 

analysis and on the online web. 

Keywords: weather station, ATMEGA328P, wireless. 

1 INTRODUCTION 

Meteorological data acquisition equipment must be installed outdoors and in remote 

locations that is why wireless networks (WSN) are used for data transmission. [1,2]. The 

WSN provide great applicability at low cost with advantages such as flexibility and 

scalability [3,4]. Once the communication is established, the microcontrollers must build 

the data frame for transmission of information by means of internal conditioning of a 

UART (Universal Asynchronous Receiver Transmitter) [4]. 

The efficiency in the network depends largely on the topology [6,7], the nodes must be easy 

to install, that is, once installed, the only information that must be configured is the address 

of device being a strategy for optimal performance of WSN [8,9]. 

A complete system should provide ease of mobility of equipment through the nodes, that is, 

allow an exchange of communication node in case of a malfunction [10]. 

In case the device is close to an Internet access point, IoT cloud server could be used, 

which can be integrated with the microcontroller and thus manage the station's metrics. [11] 

To guarantee flexibility, a solar kit for electricity generation can be installed in each of 

network nodes so that if the public energy supply network fails, it can be put into operation 

[12]. 

2 DATA LOGGER SYSTEM ARCHITECTURE 

 

The system has three interconnected ATMEGA328 microcontrollers distributed in: 

- Acquisition-Storage 

mailto:segundo.vacacela0@utc.edu.ec
mailto:luigi.freire@utc.edu.ec
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- Viewing 

- Communication 
 

 

Fig. 1. Reading, writing and communication structure of weather station 

 

The communication between the microcontrollers is through the UART protocol which 

consists of sending information and receiving data, for which it sends two or more 

information through the same communication port can be used the separators of chain 

sections. 

Transmissions consist of STAR-STOP for ASCII codes through Serial, as established in 

teletype operation. The sending of data in a chain allows one or more data to be sent at the 

same time, each data being separated as a character (","), which will be used by the receiving 

microcontroller to identify and process it. 

Each attribute is assigned to a storage box so a variable is created to store the data and also 

a method to count the stretches entering by serial port. 

In this case we store in a decimal type variable because some data enter in decimal type or 

we can convert to integers to store integer. 

 

float datos [] = {0,0,0,0,0,0,0,0,0,0,0} 

 

By specifying the address of record boxes, we can store data in the same variable, then to 

call the data when required would be as follows. 

 

Year                         = data [0] 

Month                      = data [1] 

Day                          = data [2] 
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Temperature            = data [3]    

Humidity                 = data [4]    

Pressure Atm           = data [5]    

Wind speed              = data [6]    

Wind direction         = data [7]    

UV                           = data [8] 

Rain gauge               = data [9]    

Electrical Voltage    = data [10]    

Electric current        = data [11] 

3 NETWORK DESIGN 

The Open Systems Interconnection (OSI) model is a 7-layer data model designed to organize 

the various software and hardware protocols involved in the communication network. At the 

top part of stack. 

As a simplified version of OSI model, the TCP/IP Model is useful in the layout of today's 

end-to-end networks. The TCP/IP stack groups the protocols into four layers: Application, 

Transport, Internet, and Link. As with the OSI model, the Application layer initiates loading 

and the Transport layer assigns ports. The Internet Layer handles the routing of Internet (IP) 

packets while the Link Layer handles the local area communication (MAC) and physical 

transmission media. 

 

Fig. 2. OSI model 

 

Data loggers convert physical parameters into electrical signals that are converted into binary 

values by analog to digital converters in the microcontroller, converting the ADC values into 

data frames by the application layer.  

The gateway is used to interconnect two different physical layers to collect the information 

in the database and support them through MySQL. 
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Fig. 3 System architecture of weather station 

 

The structure of each weather station incorporates an anemometer, rain gauge, temperature, 

humidity, barometric pressure and solar radiation with optional soil moisture sensor for 

comprehensive monitoring of agriculture and the environment in a single package for simple 

configuration. 

The system's design provides that stations that do not have a direct line of sight to the 

transmission connection node can use the other stations as a link point. 

The intervals of transmission and storage of information are 10 minutes, for security has a 

feedback so that in case of loss of connection to the network of any station this can retry to 

transmit when you have restored your connection taking data from its backup of a micro SD 

that is implemented in each station. 

The structure of the prototype algorithm is shown in Fig. 4. This algorithm controls the 

properties of the weather station over the TCP/IP network. 

 

 

Fig. 4 The structure of the prototype algorithm 
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4 RESULTS 

Once the data logger and the communication network have been designed, the next step is 

the evaluation of software which aims to measure the level of reliability and performance of 

system. 

The weather data of stations are displayed in the web application on a WSN (Wireless Sensor 

Network) base. All weather parameters collected from the local WSN base stations will be 

replicated in a centralized database in the cloud, allowing users to access the data in real time 

from a distributed weather station.   

 

 

 

Fig. 5 MySQL database 
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Fig. 6 Webpage 

The Fig. 4 shows the dynamic PHP web page that automatically updates after 10 seconds and 

shows the last 100 results of database, in case you want more data you must choose the dates 

to access the database. 

 

Fig. 7. Webpage graph view 

 

The analysis of Root Mean Square Error (RMSE) and the Mean Bias Error (MBE) of results 

obtained are defined as 

 

𝑅𝑀𝑆𝐸 =  √
∑(𝑋𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑−𝑋𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑)2

𝑁
  (1) 

 

𝑀𝐵𝐸 =
∑(𝑋𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑−𝑋𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑)

𝑁
   (2) 

 

Being: 

Xestimated: weather station Kestrel 5500 
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X_measured: prototype [13] 

We can analyze the statistical results of 1000 measurements of different measured variables, 

being the deviation practically zero as shown in the scatter plot of Fig. 7 demonstrating that 

most of experimental points are located over the line of fit. 

 

 

Fig. 8. Correlation between Kestrel 5500 and prototype 

 

5 CONCLUSION 

This project has the advantage of being scalable since if the device is not in the wireless 

coverage area or a wireless network cannot be expanded due to various factors, a GSM/GPRS 

shield can be incorporated to transmit the data directly to the database in the cloud. 

 

The design of a network of integrated wireless weather stations based on the ATMEGA328 

microcontroller and wireless communication for communication and transmission of data on 

temperature, relative humidity, wind speed and direction and in special cases soil moisture, 

pH and resistivity are considered important for development of future projects in the area of 

renewable energies as well as in the agricultural area as it is free access to the database stored 

and managed by MySQL.  

 

The integration of ATMEGA328 microcontrollers with Raspberry is essential for 

management through a wireless network with TCP/IP communication protocol showing a 

solution that reduces costs because it is a simple, flexible and scalable design at the same 

time can be autonomous in its operation.  
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INFORME FINAL 

 

1. TÍTULO DEL PROYECTO: DISEÑO Y CONSTRUCCIÓN DE UNA ESTACIÓN 

METEREOLÓGICA Y MEDICIÓN DE PARÁMETROS ELÉCTRICOS DE 

SISTEMAS DE GENERACIÓN ELÉCTRICA CON ENERGÍAS RENOVABLES 

 

2. INVESTIGADOR RESPONSABLE 

 

Nombre Luigi Orlando Freire Martínez 

Institución a la que pertenece Universidad Técnica de Cotopaxi  

Correo electrónico luigi.freire@utc.edu.ec 

 

ESTUDIANTE: Segundo Gonzalo Vacacela Vacacela  CI 0605126820 

 

3. RESUMEN DEL PROYECTO 

El proyecto se enmarca en el diseño y construcción de un prototipo que obtenga 

información necesaria para la evaluación de la eficiencia energética de los proyectos de 

investigación de sistemas de generación eléctrica que emplean energías renovables de la 

Carreara de Ingeniería Electromecánica y a la vez la obtención de datos meteorológicos 

en cada uno de los sitios en donde se encuentran dichos proyectos. 

En la fase de medición de eficiencia energética de los componentes de generación 

eléctrica se plantea medir parámetros eléctricos como son corriente y voltaje. 

Los equipos e instrumentos empleados en el prototipo miden las siguientes variables: 

voltaje, corriente en continua y/o alterna, sensor de presión barométrica, sensor de luz 

ultravioleta, sensor de humedad relativa, sensor de temperatura, módulo para tarjeta 

micro SD, módulo de comunicación ethernet. 

Los resultados obtenidos fueron contrastados con la estación meteorológica Kestrel 5500 

y el equipo Uni-T UT243 para los parámetros eléctricos (voltaje y corriente) certificadas 

para garantizar un nivel de confiabilidad elevado para que esta información sea línea 

base; en primera instancia determinen la eficiencia de los proyectos de generación 

eléctrica que actualmente se encuentran instalados que han sido desarrollados como 

proyectos de investigación formativa. En segunda instancia se podrá obtener datos 

meteorológicos para el diseño un mapa energías renovables de la zona 3 del país; la 

adquisición de datos se realizará en el módulo de la tarjeta micro SD y de darse las 

condiciones de comunicación será vía remota a través de mensajes de texto y/o 

comunicación ethernet entre la estación y el administrador. 

Los resultados fueron aceptados para la publicación en la Revista Smart Innovation, 

Systems and Technologies (SIST)”. ISSN: 2190-3018, 

https://www.springer.com/series/8767. 
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