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Resumen del proyecto
Este proyecto consiste en el diseño y construcción de una estación meteorológica ba-

sada en una Raspberry Pi Pico W, que es capaz de medir diversas variables ambientales
como temperatura, presión, humedad, ı́ndice UV, precipitación, velocidad y dirección del
viento. Estos datos se env́ıan mediante el protocolo MQTT a una Raspberry Pi que actúa
como servidor, con el objetivo de que luego sean procesados, almacenados y visualizados.
La estación incluye tanto el diseño de hardware (PCB, sensores, carcasa 3D) como el
desarrollo del software necesario para la captura y env́ıo de los datos.

Palabra clave
Raspberry Pi Pico W, estación meteorológica, sensores, MQTT, Arduino.

Abstract
This project involves the design and construction of a weather station based on a

Raspberry Pi Pico W, capable of measuring various environmental variables such as tem-
perature, pressure, humidity, UV index, precipitation, wind speed, and wind direction.
The collected data is sent via the MQTT protocol to a Raspberry Pi acting as a server,

Mario Acevedo Eustaquio i



with the goal of later being processed, stored, and visualized. The station includes both
the hardware design (PCB, sensors, 3D-printed enclosure) and the development of the
software required for data acquisition and transmission.

Keywords
Raspberry Pi Pico W, weather station, sensors, MQTT, Arduino.
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Índice general Índice general

viii Mario Acevedo Eustaquio
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Índice de figuras Índice de figuras

x Mario Acevedo Eustaquio
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D.4. Código anemómetro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
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Caṕıtulo 1

Introducción

1.1 Motivación

En la actualidad, el cambio climático es una realidad cada vez más presente en nuestra
vida cotidiana. Por ello, la recopilación de datos meteorológicos se vuelve fundamental
para su posterior análisis, con el objetivo de identificar zonas con condiciones extremas o
anómalas —como las denominadas “islas de calor”— y, de este modo, facilitar la toma de
decisiones y la implementación de medidas correctivas o preventivas.

1.2 Objetivos

El objetivo de este proyecto es la medición de diferentes variables meteorológicas —co-
mo la temperatura, la humedad, la presión atmosférica, la presión, el ı́ndice UV y la velo-
cidad y dirección del viento— mediante una serie de sensores conectados a una Raspberry
Pi Pico W, programada a través del entorno de desarrollo Arduino IDE.

Una vez recopilados y procesados localmente, los datos serán enviados a un servi-
dor remoto mediante el protocolo MQTT, donde podrán ser almacenados, analizados y
visualizados.

El proyecto contempla tanto el diseño del hardware de la estación meteorológica como
el desarrollo del software necesario para la adquisición, procesamiento y transmisión de
los datos.

Cabe destacar que este proyecto se implementa con otro, que desarrolla un sistema
para la recepción, almacenamiento y visualización de datos meteorológicos en tiempo
real. Procesa la información automáticamente y queda registrada con marcas temporales,
permitiendo su consulta desde un panel gráfico accesible a través de la red local. Además,
el sistema puede ser accedido de forma remota, lo que facilita su consulta desde ubicaciones
externas. Está diseñado para ser robusto, seguro y fácilmente replicable en otros entornos.

1.3 Estructura

Este trabajo está organizado en varios caṕıtulos que abordan de forma progresiva el
desarrollo del proyecto. En primer lugar, se presenta la introducción, donde se detallan la
motivación, los objetivos y la metodoloǵıa empleada.

Mario Acevedo Eustaquio 1



1 Introducción 1.4 Metodoloǵıa

A continuación, el caṕıtulo 2 se centra en el desarrollo del hardware, describiendo el
análisis para la selección de componentes, esquemas eléctricos realizados, diseño de la
PCB e impresiones 3D.

El caṕıtulo 3 aborda el desarrollo del software, explicando la plataforma de programa-
ción, la implementación del código para la lectura de sensores, el tratamiento de datos y
su transmisión mediante MQTT.

Posteriormente, el caṕıtulo 4 incluye un presupuesto detallado, y finalmente, el caṕıtulo
5 recoge las conclusiones y las posibles ĺıneas futuras del proyecto.

1.4 Metodoloǵıa

La metodoloǵıa empleada en este proyecto se basa en un enfoque iterativo y por fases,
que permite validar cada componente antes de integrar el sistema completo.

En primer lugar, se llevó a cabo una fase de análisis con el objetivo de identificar los
requerimientos de la estación meteorológica y definir las variables climáticas que se desea-
ban medir. A partir de esta información, se realizó un estudio comparativo de distintos
sensores disponibles en el mercado, evaluando su relación calidad-precio y su adecuación
a las necesidades del proyecto. Asimismo, se analizó la viabilidad de fabricar algunos com-
ponentes en lugar de adquirirlos, teniendo en cuenta tanto los recursos disponibles como
la complejidad de la implementación.

Posteriormente, se procedió a la prueba individual de cada sensor para verificar su
correcto funcionamiento. Esta etapa se llevó a cabo en paralelo con el desarrollo del
hardware, que incluyó el diseño de la placa PCB y la fabricación de soportes y carcasas
mediante impresión 3D.

Una vez completado el hardware y validados todos los sensores de forma indepen-
diente, se integraron los diferentes códigos en un único programa, al cual se añadió la
funcionalidad de conexión mediante el protocolo MQTT para el env́ıo de los datos a un
servidor remoto.

Finalmente, se elaboró un presupuesto detallado del proyecto y se extrajeron las con-
clusiones finales en base a los resultados obtenidos y al funcionamiento general del sistema.
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Este caṕıtulo describe el diseño e implementación del sistema f́ısico del proyecto. Se
comienza con una vista general del funcionamiento, donde se explica cómo funciona el
sistema para la comprensión de las conexiones de los sensores.

En la sección de selección de componentes, se justifica el uso de los sensores empleados
y el análisis realizado para ello.

El caṕıtulo continúa con el diseño y fabricación de las partes impresas en 3D.

A continuación, se presentan los esquemáticos eléctricos, donde se detallan las cone-
xiones entre los sensores y el microcontrolador.

Finalmente, se explica el diseño de la placa PCB, incluyendo aspectos clave como
el posicionamiento de componentes, rutado de pistas, planos de masa y diseño de la
serigraf́ıa.

2.1 Vista general de funcionamiento

El sistema está compuesto por cinco sensores encargados de medir diferentes varia-
bles ambientales: temperatura, humedad, presión atmosférica, ı́ndice UV, precipitación y
velocidad y dirección del viento.

Además de los sensores, el sistema cuenta con una Raspberry Pi Pico W, que actúa
como microcontrolador. Esta se encarga tanto de alimentar los sensores como de recibir
y procesar los datos obtenidos por ellos, para su posterior env́ıo al servidor del sistema,
encargado del almacenamiento y procesamiento de estos datos finales.

Por último, se incluyen otros elementos complementarios: una pantalla LCD para
visualizar los datos directamente en la estación, un potenciómetro para ajustar el brillo
de la pantalla, un conversor de voltaje para alimentar la veleta, y un botón de reinicio
para reconfigurar la Raspberry Pi Pico W cuando sea necesario.

La figura 2.1 muestra un esquema del funcionamiento general del sistema.
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Figura 2.1: Esquema del proyecto.

2.2 Selección de componentes

La estación meteorológica, como se ha visto en el esquema anterior, funciona con un
microcontrolador al cual se conectan todos los sensores y este procesa los datos enviados
por los sensores para, a su vez, enviarlos a través de MQTT a un servidor. Este micro-
controlador es la Raspberry Pi Pico W, una buena opción para lo que se queŕıa lograr, ya
que esta tiene alimentación relativamente baja, 26 pines GPIO (entrada/salida digital),
varios pines convertidores de analógico a digital y conectividad WiFi para la integración
de MQTT.

Para la selección de los sensores se realizó un estudio comparativo con el objetivo
de identificar los más adecuados para las mediciones requeridas. En dicho análisis se
evaluaron aspectos como la calidad, el precio, la cobertura de necesidades espećıficas y la
disponibilidad en distintos proveedores.

Por último, aparte de la Raspberry y los sensores, la estación meteorológica cuenta
con una pantalla LCD para la visualización en tiempo real de las mediciones recogidas.

2.2.1. Raspberry Pi Pico W

El elemento principal de la estación es una Raspberry Pi Pico W [11], una placa
de desarrollo de bajo coste basada en el microcontrolador RP2040, desarrollada por la
Fundación Raspberry Pi. A diferencia del modelo original (Pico), esta versión incorpora
conectividad inalámbrica Wi-Fi, lo que permite su uso en aplicaciones relacionadas con
el Internet de las Cosas (IoT), sensores remotos y sistemas conectados a la red.
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Figura 2.2: Raspberry Pi Pico W.

Se puede consultar su hoja de datos y su diagrama de pines en el Anexo A.1.
Entre sus caracteŕısticas principales se encuentran:

Microcontrolador RP2040 de doble núcleo ARM Cortex-M0+ a 133 MHz.

264 KB de memoria RAM.

2 MB de memoria flash interna.

Conectividad Wi-Fi 802.11n integrada, imprescindible para la conexión con el pro-
tocolo MQTT.

26 pines GPIO con soporte para I2C, SPI, UART, PWM y entradas analógicas
(ADC), necesarios para la interacción con los sensores.

Alimentación entre 1.8 V y 5.5 V mediante USB o pin VIN.

Programación en C/C++ o MicroPython.

Gracias a su bajo consumo (alrededor de 100–150 mW en reposo), tamaño compacto
y capacidad de conexión inalámbrica, es una opción adecuada para el proyecto que se ha
desarrollado.

2.2.2. Sesnsor de temperatura, humedad y presión atmosférica
- BME280

En el análisis de las mediciones que se deseaban realizar con este proyecto, se concluyó
que era necesario medir, entre otras variables, la temperatura, la humedad y la presión
atmosférica. Durante este estudio, se identificó que existen sensores en el mercado capaces
de medir simultáneamente estas tres magnitudes.

Como primer paso, se llevó a cabo un análisis comparativo de precios y proveedores,
cuyos resultados se recogen en la siguiente tabla:
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Sensor Distribuidor Precio (€)

BME280
Aliexpress 0.85
Amazon 10.34

BME680
Aliexpress 5.99
Amazon 9.99

DHT22
Aliexpress 0.71
Amazon, Farnell, DigiKey 9.99

Tabla 2.1: Comparativa de sensores de temperatura, humedad y presión atmosférica en
relación a su precio y proveedor en mayo de 2025.

Además de analizar precios y tiempos de llegadas de los diferentes proveedores, también
se hizo una investigación sobre las diferentes funcionalidades que ofrece cada sensor.

El BME280 es un sensor que permite medir simultáneamente temperatura, humedad
y presión atmosférica [2]. Ofrece buena precisión, bajo consumo de enerǵıa y tamaño
compacto, lo que lo hace ideal para sistemas embebidos. Además, cuenta con una amplia
documentación y soporte en libreŕıas, lo que facilita su integración en proyectos. Su prin-
cipal desventaja es que no incluye medición de calidad del aire, a diferencia de modelos
más avanzados. En cuanto al precio, puede encontrarse a bajo coste en distribuidores
como AliExpress, aunque en otros como Amazon su precio es considerablemente mayor.

El BME680 es una evolución del BME280 [3]. Añade la capacidad de medir gases
(como compuestos orgánicos volátiles), lo que permite evaluar la calidad del aire además
de las tres variables anteriores. Esta mejora lo convierte en un sensor muy completo para
proyectos medioambientales. Sin embargo, su precio es más elevado, y la medición de
gases requiere una calibración más cuidadosa y una implementación algo más compleja.
Aun aśı, mantiene las ventajas del BME280 en cuanto a tamaño y consumo.

Por otro lado, el DHT22 es una alternativa muy económica que permite medir tem-
peratura y humedad, pero no mide presión atmosférica [4]. Aunque es fácil de utilizar
y tiene un amplio rango de medición, su precisión y estabilidad son inferiores a las de
los sensores BME. Además, presenta una menor durabilidad en condiciones ambientales
adversas y una respuesta más lenta.

Tras el análisis, se concluyó que la mejor opción para este proyecto es el BME280, ya
que ofrece un equilibrio óptimo entre funcionalidad, precisión, facilidad de integración y
coste. Si bien el BME680 proporciona datos más completos, en este caso su complejidad y
coste adicional no se consideran justificados, aunque se podŕıa tener en cuenta para futuras
mejoras de la estación. Por el contrario, el DHT22 quedó descartado por no cumplir con
todos los requisitos de medición definidos.

El sensor BME280 y el módulo integrado

El sensor BME280 es un dispositivo que integra en un solo chip tres sensores: de presión
atmosférica, temperatura y humedad relativa. Está basado en tecnoloǵıa piezo-resistiva
desarrollada por BOSCH, que garantiza alta precisión, robustez electromagnética (EMC)
y estabilidad a largo plazo. El sensor puede comunicarse con un microcontrolador a través
de interfaces I2C o SPI, facilitando su integración en sistemas embebidos.

A continuación se muestra una imagen del sensor BME280 en su encapsulado original:
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Figura 2.3: Sensor BME280 encapsulado.

Para más detalles técnicos, se puede consultar su hoja de datos en el Anexo A.2 .
Generalmente, el sensor viene integrado en un módulo que incluye componentes adi-

cionales para facilitar su uso, tales como reguladores de voltaje, filtros y conectores para
la interfaz de comunicación. Este módulo cuenta con un tamaño compacto y permite su
conexión directa a placas de desarrollo.

A continuación se muestran imágenes del módulo BME280 adquirido [5] por su cara
frontal y trasera:

Figura 2.4: Módulo BME280: frontal y trasero.

Especificaciones técnicas del módulo BME280

Voltaje de operación: 1.71 V a 3.6 V.

Interfaz de comunicación: I2C o SPI (1.2 V a 3.6 V).

Rango de presión: 300 a 1100 hPa (0.3 - 1.1 bar).

Resolución de presión: 0.16 Pa.

Precisión absoluta de presión: ±1 hPa (±0.001 bar).
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Rango de temperatura: -40°C a 85°C.

Resolución de temperatura: 0.01°C.

Precisión de temperatura: ±1°C.

Rango de humedad relativa: 0-100% RH.

Precisión de humedad relativa: ±3% RH.

Rango de altura medible: 0 - 9100 metros.

Ultra bajo consumo energético.

Completamente calibrado de fábrica.

Frecuencia máxima de muestreo: 157 Hz.

Este módulo es ampliamente utilizado en aplicaciones de monitoreo ambiental, siste-
mas de domótica, drones para cálculo de altitud, Internet de las Cosas (IoT), y dispositivos
de salud y fitness, gracias a su precisión y bajo consumo.

2.2.3. Sensor de radiación ultravioleta - GUVA-S12SD

Durante la planificación del sistema de sensado, se consideró la necesidad de medir la
radiación ultravioleta (UV), dado su impacto en la salud y su utilidad para aplicaciones
de monitoreo ambiental y meteoroloǵıa urbana. Para ello, se llevó a cabo una comparación
entre distintos sensores de radiación UV disponibles en el mercado.

Sensor Distribuidor Precio (€)

GUVA-S12SD
Aliexpress 1.90
Amazon 9.80
Adafruit 6.50

SI1145 Adafruit 9.95

UVM-30A
Aliexpress 6.79
Arduiner 13.95
Amazon 18.99

ML8511
Aliexpress 11.19
Amazon 29.00

Tabla 2.2: Comparativa de sensores de radiación UV según proveedor y precio en mayo
de 2025.

Además del precio, se evaluaron aspectos técnicos como rango espectral, facilidad de
integración y disponibilidad de documentación. Entre las opciones analizadas, el sensor
GUVA-S12SD destaca por su bajo coste, su bajo consumo energético y su buena sensibili-
dad dentro del rango UV-A y UV-B. Este sensor ofrece una salida analógica que vaŕıa en
función de la intensidad de la radiación UV incidente, lo que lo hace fácilmente integrable
con microcontroladores mediante un conversor analógico-digital (ADC).
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En comparación, sensores como el SI1145 o el ML8511 ofrecen interfaces digitales o
mayor precisión, pero a costa de una mayor complejidad y precio. El UVM-30A, por su
parte, tiene un rango de operación similar al GUVA-S12SD, pero presenta menor linealidad
y una mayor variabilidad entre unidades. En función de estos factores, el GUVA-S12SD
se consideró la opción más adecuada para el proyecto, al ofrecer una buena relación
coste/prestaciones y una integración sencilla.

El sensor GUVA-S12SD y el módulo integrado

El sensor GUVA-S12SD detecta radiación UV en el rango de longitud de onda entre
240 y 370 nm, cubriendo los espectros UV-B y UV-A. Su salida es una corriente eléctrica
proporcional a la intensidad de la radiación recibida, la cual puede ser amplificada y
convertida a un voltaje para su lectura.

Figura 2.5: Sensor GUVA-S12SD sin encapsulado de módulo.

Para más detalles técnicos, se puede consultar su hoja de datos en el Anexo A.3.
Generalmente, este sensor se encuentra integrado en un módulo que incorpora un am-

plificador operacional doble tipo LM358, encargado de transformar la corriente generada
por el fotodiodo en una señal de voltaje. Esta señal es posteriormente amplificada.

A continuación se muestran imágenes del módulo GUVA-S12SD por su cara frontal y
trasera:

Figura 2.6: Módulo GUVA-S12SD: vista frontal y trasera.

Especificaciones técnicas del módulo GUVA-S12SD
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Voltaje de alimentación: 2.7 V a 5.5 V DC.

Longitud de onda detectada: 240 a 370 nm.

Salida analógica proporcional a intensidad UV.

Bajo consumo de enerǵıa.

Dimensiones: 28 mm x 11 mm.

Peso: 2 gramos.

Este módulo es ideal para proyectos de monitoreo ambiental, cuidado de la salud
(protección solar), aplicaciones meteorológicas y estaciones de medición urbana, gracias
a su simplicidad, fiabilidad y bajo coste.Su esquema eléctrico se muestra en la figura 2.7.

La primera etapa del circuito amplificador produce una señal de salida cuyo voltaje es
proporcional a la fotocorriente del sensor, multiplicada por un factor de 43. Por ejemplo,
si la corriente generada es de 0,1 µA (lo que representa aproximadamente 0,09 mW/cm²
de intensidad UV, o 3.84 UVI según la hoja de especificaciones del fabricante), la salida
será de 4,3 V.

Esta señal pasa luego a una segunda etapa de amplificación, con una ganancia adicional
de 6,1. En este caso, el voltaje final a la salida seŕıa de aproximadamente 26,23 V (4,3 V
× 6,1).

Figura 2.7: Esquema de conexiones del módulo GUVA-S12SD [25].

Debido a que los valores obtenidos en la segunda etapa eran demasiado altos y no
coincid́ıan con los que debeŕıan resultar según la hoja de especificaciones, se procedió a
realizar un muestreo de los datos obtenidos cuando el sol impacta directamente sobre
el sensor a lo largo de un d́ıa. Para ello, se recopilaron datos de salida de la primera
etapa y se compararon con los valores proporcionados por la AEMET (Agencia Estatal
de Meteoroloǵıa).

Los datos obtenidos se organizaron en la tabla 2.3, que recoge la hora de medición, el
ı́ndice UV registrado por la AEMET a esa hora y la tensión medida en la primera etapa
del circuito:
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Hora local (Valladolid) Índice UV (AEMET) Tensión 1ª etapa (V)

8:00 0 0.39
9:00 1 1.20
10:00 3 2.47
11:00 5 3.03
12:00 7 3.60
13:00 9 3.89
14:00 10 3.93
15:00 10 3.94
16:00 9 3.82
17:00 7 3.42
18:00 4 2.94
19:00 2 2.44
20:00 1 1.21
21:00 0 0.02

Tabla 2.3: Comparativa entre ı́ndice UV proporcionado por la AEMET y la tensión
medida en la primera etapa del sensor el 27 de junio de 2025.

A partir de este análisis, se observó que, si el sensor era alimentado posteriormente con
3.3 V, al aplicar la ganancia de la segunda etapa, todos los valores resultaban saturados.
Esto imped́ıa determinar con precisión el valor real proporcionado por el sensor.

Ante esta situación, se estudiaron dos posibles soluciones. La primera consist́ıa en
eliminar la amplificación de la segunda etapa, retirando la resistencia de 1 kΩ y cortocir-
cuitando la de 5,1 kΩ. La segunda opción consist́ıa en sustituir la resistencia de 10MΩ de
la primera etapa por una de 1MΩ, de forma que la ganancia pasara de 43 a 4.3.

Se concluyó que la segunda opción era la más adecuada, ya que, aunque se eliminara
la segunda etapa, algunos valores segúıan saturando cuando el sistema era alimentado con
3.3 V.

Figura 2.8: Esquema de conexiones del módulo GUVA-S12SD modificado [25].
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Una vez realizada la modificación de la resistencia en la primera etapa, se procedió a
efectuar mediciones de la señal de salida proporcionada por el módulo en función del ı́ndice
UV recibido, considerando diferentes condiciones experimentales. Entre ellas, se incluyeron
la exposición directa al sol, la presencia de un “filtro” producido por el metacrilato de la
tapa de la caja, aśı como la posición del sensor en la propia caja.

Hora local Hora solar Índice UV (AEMET) V directo V tapa V caja

9:47 7:24 1.69 0.88 0.71 0.41
10:32 8:09 3.14 1.16 0.92 0.72
11:29 9:06 5.24 1.58 1.29 1.09
12:30 10:07 7.42 1.78 1.45 1.20
13:31 11:08 8.97 1.91 1.54 1.33

Tabla 2.4: Comparativa entre ı́ndice UV proporcionado por la AEMET y la tensión de
salida del módulo medida en diferentes condiciones el 2 de julio de 2025.

A partir de estos datos, fue posible determinar una curva de calibración que permite
obtener el ı́ndice UV en función de la tensión de salida del módulo, y que se usó poste-
riormente en el software del proyecto.

Figura 2.9: Curva que relaciona el voltaje de salida con el Índice UV.

UVI = 7,6399 · Vmódulo − 1,9659 con UVI ≥ 0 (2.1)

2.2.4. Sensor de dirección del viento - Veleta ZTS-3000-FXJT-
V05-360

Para la medición de la dirección del viento, en una primera propuesta se planteó
construir la veleta de forma manual, utilizando un potenciómetro junto con una brújula
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para su calibración, o bien un sensor de ángulo como el módulo AS5600 [12]. Sin embargo,
esta opción fue descartada, ya que presentaba una complejidad considerable y no parećıa
garantizar los objetivos planteados.

Por ello, se realizó una búsqueda de veletas ya construidas o completamente ensam-
bladas, y se encontró la veleta ZTS-3000-FXJT-V05-360 [13], la cual resultó ser una
opción bastante económica que cumpĺıa con los requisitos establecidos. La mayoŕıa del
resto de veletas disponibles en el mercado presentaban precios significativamente más
elevados, por lo que fueron descartadas.

Figura 2.10: Veleta ZTS-3000-FXJT-V05-360.

Para comprender el funcionamiento de la veleta, se recurrió a la hoja de datos de otro
modelo similar, el RS-FXJT-N01, dado que el modelo empleado no cuenta con una hoja
de datos propia. Este modelo alternativo presentaba caracteŕısticas similares y su hoja de
datos está disponible en el Anexo A.4.

Sin embargo, al probar la veleta, se observó que su comportamiento difeŕıa considera-
blemente de lo que indicaba dicha hoja de datos. Esto llevó a realizar varias pruebas para
entender mejor su funcionamiento real y detectar posibles inconvenientes. Durante estas
pruebas, se identificó un problema no previsto en el momento de la compra: este modelo
requiere una alimentación eléctrica entre 10 y 30 voltios, mientras que la Raspberry Pi Pi-
co W solo puede suministrar un máximo de 5 voltios. Para resolver esta incompatibilidad,
fue necesario adquirir un convertidor de tensión que eleva de 3.3 V a 10 V.

El módulo convertidor utilizado es el NDUB22TA, que recibe una tensión de entrada de
3.3 V y proporciona una salida estable de 10 V, permitiendo aśı alimentar correctamente
la veleta y asegurar su correcto funcionamiento.

Figura 2.11: Módulo convertidor NDUB22TA.
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Además de adaptar la tensión de entrada de la veleta, se elaboró un esquema para defi-
nir correctamente sus conexiones. Esto fue necesario debido a que la salida proporcionada
por la veleta no es una señal de tensión, sino de corriente, que vaŕıa linealmente segun el
giro de la veleta (de 0 a 360º). Por esta razón, se añadió una resistencia de 270Ω entre
la salida del sensor y tierra (GND), con el objetivo de transformar la corriente de salida
(0–9,5 mA) en una señal de voltaje compatible con la entrada analógica de la Raspberry
Pi Pico W (0–2,58 V).

Figura 2.12: Esquema conexiones veleta ZTS-3000-FXJT-V05-360.

La conversión de corriente a voltaje se realiza aplicando la Ley de Ohm:

V = I ×R

Donde:

V : tensión generada (voltios),

I: corriente de salida del sensor (amperios),

R: resistencia conectada (ohmios).

En este caso particular:

V = 9,5× 10−3 A× 270 Ω = 2,565 V

Este voltaje es adecuado para ser léıdo directamente por el ADC de la Raspberry Pi
Pico W, cuyo rango de entrada es de 0 a 3,3V.

2.2.5. Anemómetro y pluviómetro - Sensor Hall SS49E

La medición de la velocidad del viento requiere el uso de un anemómetro. Para su
construcción, se investigaron diversas alternativas, resaltando una basada en un sensor
de efecto Hall y un imán. Se identificó la viabilidad de fabricar la estructura exterior del
anemómetro mediante impresión 3D, gracias a la existencia de proyectos previos que pro-
porcionan diseños de hardware adaptados para este método [19]. Estos diseños combinan
piezas impresas en 3D con un sensor Hall y un imán para registrar las rotaciones del
anemómetro, permitiendo aśı calcular la velocidad de giro y, por tanto, la velocidad del
viento.
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Figura 2.13: Esquema funcionamiento anemómetro [14].

Por otro lado, la precipitación se mide mediante un pluviómetro, un instrumento que,
generalmente, consta de un embudo que canaliza el agua hacia un balanćın. Este balanćın
bascula al recibir una cantidad determinada de agua, generando un conteo de los vuelcos,
que permite calcular la cantidad de precipitación acumulada.

Figura 2.14: Esquema funcionamiento pluviómetro [29].

Al igual que con el anemómetro, existen proyectos que ofrecen diseños en 3D del
pluviómetro, integrando también sensores de efecto Hall e imanes para el registro de los
datos.

En ambos casos, existe la posibilidad de adquirir módulos comerciales ya fabricados,
como el medidor de lluvia WH-SP-RG [31] para el caso del pluviómetro, o el anemómetro
RS485 [32]. Sin embargo, en este proyecto se descartó esta opción, ya que estos dispositivos
incrementan el coste total. Además, se consideró más apropiado optar por el diseño y la
fabricación propia de los módulos, lo cual no solo reduce el presupuesto, sino que también
permite una mayor comprensión del funcionamiento de cada componente.

Mario Acevedo Eustaquio 15



2 Desarrollo Hardware 2.2 Selección de componentes

El sensor de efecto Hall SS49E

El sensor de efecto Hall SS49E permite detectar campos magnéticos y su funciona-
miento se basa en el efecto Hall, descubierto por Edwin Hall en 1879. Este fenómeno
establece que, cuando una corriente eléctrica circula por un conductor o semiconductor y
se aplica un campo magnético perpendicular a la dirección de la corriente, se genera una
diferencia de potencial transversal (tensión Hall) en el material.

El SS49E es un sensor lineal que proporciona una salida analógica proporcional a la
intensidad del campo magnético que detecta. Su comportamiento básico es el siguiente:

En ausencia de campo magnético, el sensor entrega una señal de salida cercana a la
mitad del voltaje de alimentación (por ejemplo, 2.5V si se alimenta con 5V).

Si se acerca un imán con el polo norte hacia el sensor, el voltaje de salida aumenta.

Si se acerca un imán con el polo sur, el voltaje de salida disminuye.

Figura 2.15: Variación del voltaje de salida del sensor SS49E en relación al campo
magnetico proporcionado [30].

En este proyecto, el sensor se utiliza como parte de un anemómetro. Para ello, se
fija un imán en una parte giratoria del dispositivo. Cada vez que el imán pasa frente
al sensor, se produce una variación en el campo magnético detectado, lo que genera un
pulso eléctrico. Estos pulsos permiten contar las revoluciones del anemómetro y, con ello,
calcular la velocidad del viento.

De manera similar, el pluviómetro funciona mediante un mecanismo de balanćın que
se inclina cada vez que se acumula una cierta cantidad de agua. Cada movimiento del
balanćın activa el sensor, generando también un pulso. Al contar estos pulsos, es posible
determinar la cantidad total de precipitación.
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Figura 2.16: Sensor SS49E.

La hoja de datos del sensor SS49E está disponible en el Anexo A.5.

2.2.6. Pantalla LCD16D2

La pantalla LCD (Liquid Crystal Display) es un dispositivo ampliamente utilizado
para mostrar información en forma de caracteres, śımbolos o gráficos sencillos. Su funcio-
namiento está controlado por un microcontrolador que gestiona el env́ıo de instrucciones
y datos. En este proyecto se utiliza un LCD de 16x2, lo que significa que dispone de dos
filas con capacidad para mostrar hasta 16 caracteres cada una.

El funcionamiento de estos módulos se basa en el control de una matriz de ṕıxeles
organizada por caracteres, cuyo formato interno vaŕıa ligeramente según el fabricante.
Son especialmente útiles para mostrar datos como temperaturas, lecturas de sensores,
mensajes de estado o menús de usuario.

La pantalla LCD 16x2 cuenta con una serie de pines agrupados por funciones: alimen-
tación (Vss a GND, Vdd a 5V y Vo para ajustar el contraste mediante un potenciómetro),
control (RS para seleccionar entre instrucciones o datos, RW para elegir entre lectura o
escritura —aunque normalmente se conecta a GND—, y E para habilitar la lectura del
dato), y un bus de datos bidireccional (D0 a D7), que puede usarse en modo de 8 bits o en
el más habitual modo de 4 bits utilizando solo D4 a D7. Además, este modelo incluye dos
pines para la retroiluminación (ánodo y cátodo), que permiten controlar la luz de fondo
de la pantalla. Se puede consultar la hoja de datos de la pantalla en el Anexo A.6.
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Figura 2.17: Pantalla LCD16D2.

El potenciómetro 3296Y1102

Para el control del contraste de la pantalla se ha hecho uso de un potenciómetro
3296Y1102 de 2 kΩ.

Figura 2.18: Potenciómetro 3296Y1102.

El potenciómetro es un resistor variable ajustable que permite controlar la resistencia
eléctrica de manera manual. Funciona mediante un sistema de tres terminales: dos termi-
nales fijos conectados a los extremos de una pista resistiva y un terminal móvil (wiper)
que se desplaza al girar el eje, variando aśı la resistencia entre el wiper y cada extremo. Su
valor nominal es de 2 kΩ con una tolerancia estándar de ±10%, y ofrece una resolución
precisa gracias a su diseño multivuelta (25 vueltas nominales). Este modelo, de la serie
3296, está diseñado para aplicaciones industriales, soporta una tensión máxima de 300 V
y una potencia de 0.5 W a 70 °C. Es ideal para ajustes finos en circuitos electrónicos,
como divisores de tensión o calibración de sensores.
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Para más información sobre el potenciómetro se puede consultar su hoja de datos en
el Anexo A.7.

2.3 Captura esquemática

En una primera fase del diseño, se seleccionaron los śımbolos de los componentes,
extrayéndolos de la libreŕıa de SnapEDA. Sin embargo, algunos de ellos no se encontraban
disponibles, por lo que fue necesario crearlos manualmente, asegurando una representación
precisa de sus pines. Una vez definidos todos los śımbolos, se procedió a realizar el esquema
completo de conexiones.

Para el diseño del circuito de la estación meteorológica, se realizó un esquemático
donde todos los sensores y módulos están conectados a una Raspberry Pi Pico W.

Figura 2.19: Esquema de conexiones de la Raspberry Pi Pico W.

A continuación, se describen las conexiones de cada uno de los componentes del cir-
cuito. También se dispone del esquemático completo en el Anexo B.

2.3.1. Pantalla LCD16D2

La pantalla LCD 1602A se conecta mediante una interfaz paralela de 4 bits. Sus
conexiones son las siguientes:
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Figura 2.20: Esquema de conexiones de la pantalla LCD16D2.

VSS, VDD, V0: alimentación y control de contraste. El pin V0 está conectado a
un potenciómetro para ajustar el contraste.

RS (GP1), E (GP0): ĺıneas de control conectadas a la Raspberry Pi Pico W.

D4–D7 (GP2–GP5): ĺıneas de datos.

A, K: alimentación de retroiluminación mediante una resistencia limitadora (R4).

2.3.2. Sensor BME280

El sensor BME280 se comunica mediante el protocolo I2C. Sus conexiones son las
siguientes:

Figura 2.21: Esquema de conexiones del sensor BME280.

VCC a 3.3V.
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GND a masa.

SDA (GP6) y SCL (GP7) conectados al bus I2C de la Raspberry Pi Pico W.

El sensor BME280 posee resistencias internas pull-up de 10 kΩ en SDA y SCL.

2.3.3. Botón de Reset

Un pulsador conectado al pinRUN de la Raspberry, utilizado para reiniciar el sistema.
Dispone de una resistencia pull-down de 10 kΩ (R3) para evitar activaciones falsas.

Figura 2.22: Esquema de conexiones del botón de Reset.

2.3.4. Veleta

La veleta requiere una alimentación mı́nima de 10V para su correcto funcionamiento.
Dado que la Raspberry Pi Pico W únicamente proporciona salidas de 3.3V o 5V, se
incorpora un convertidor de voltaje que eleva dicha tensión hasta los 10V necesarios.
Además, la veleta entrega una señal de salida en forma de tensión variable, por lo que
se añade la resistencia R1 como parte del circuito de adaptación para obtener un voltaje
compatible con la entrada analógica de la Raspberry. Esta señal, de tipo analógico, se
conecta al pin ADC1 (GP27) del microcontrolador para su lectura y procesamiento.
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Figura 2.23: Esquema de conexiones de la veleta.

2.3.5. Sensor UV GUVA-S12SD

La salida del sensor es analógica y se conecta al pin ADC2 (GP28) de la Raspberry
Pi Pico W.

Figura 2.24: Esquema de conexiones del sensor GUVA-S12SD.

Alimentado a 3.3V.

La luz entra a través de una tapa con cristal transparente en la caja impresa en 3D.

2.3.6. Anemómetro (sensor Hall)

Este sensor entrega pulsos digitales proporcionales a la velocidad del viento.
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Figura 2.25: Esquema de conexiones del sensor Hall del anemómetro.

VCC a 3.3V.

GND a masa.

OUT a GP20 de la Raspberry.

2.3.7. Pluviómetro (sensor Hall)

Igual que el anemoemtro este sensor entrega pulsos digitales para calcular la precipi-
tación.

Figura 2.26: Esquema de conexiones del sensor Hall del pluviómetro.

VCC a 3.3V.

GND a masa.

OUT a GP21 de la Raspberry.

2.4 Diseño PCB

El diseño de la PCB, ha seguido un proceso muy parecido al del esquématico. En una
primera fase se crearon todas las huellas de los componentes, importando de SnapEDA
las huellas ya existentes y creando de cero las huellas que no exist́ıan.

Una vez creadas las huellas de los componentes, se procedió a su colocación sobre el
área definida para la PCB, la cual tiene unas dimensiones de 10×10cm. Durante esta fase
se tuvo en cuenta una serie de consideraciones funcionales y de diseño. Por un lado, el
conector de alimentación de la Raspberry Pi Pico W deb́ıa situarse en uno de los laterales
para facilitar el acceso al cable. De igual forma, las bornas destinadas a la conexión
de la veleta, el anemómetro y el pluviómetro también se posicionaron en un lateral para
simplificar el cableado hacia el exterior. Por otro lado, el botón de Reset se colocó próximo
a la Raspberry para garantizar un acceso cómodo durante su uso.
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Una vez posicionadas todas las huellas sobre la placa, se procedió al rutado de las co-
nexiones entre los componentes. Para ello, se utilizó la herramienta de rutado automático
que ofrece Proteus, la cual permite generar de forma rápida el trazado de las pistas. Tras
este proceso automático, se realizaron ajustes manuales para corregir pequeños errores y
optimizar el diseño, garantizando aśı la funcionalidad eléctrica y una disposición clara y
ordenada del circuito.

Por último, se añadieron serigraf́ıas informativas sobre la superficie de la PCB, como
el t́ıtulo del proyecto, el nombre del autor y otros textos explicativos. También se reali-
zaron varios agujeros mecánicos destinados a la fijación de la placa dentro de la carcasa,
permitiendo aśı su correcta integración en el montaje final del sistema.

Con todo esto el diseño final de la PCB es el siguiente:

Figura 2.27: Diseño de la PCB.

Figura 2.28: PCB real.
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Se adjuntan en el Anexo C, los enrutados tanto superior como inferior, la serigraf́ıa
y el contorno de la placa.

2.5 Diseño de impresión 3D

2.5.1. Modelos reutilizados de fuentes externas

Para la fabricación del anemómetro y el pluviómetro, se ha hecho uso de diseños ya
existentes de fuentes externas [19].

Anemómetro

El anemómetro utilizado está formado por tres piezas impresas en 3D: el cuerpo infe-
rior, el cuerpo superior y tres cazoletas.

Figura 2.29: Diseño 3D y montaje del anemómetro.

Las tres cazoletas se fijan a la parte superior del cuerpo mediante tres tornillos, uno
por cada cazoleta. En esta misma parte se coloca un imán, que posteriormente pasa frente
al sensor. La parte superior se une a la base inferior mediante una varilla que actúa como
eje y un rozamiento que permite el giro, manteniéndose fijo a la base (que también estará
fija). En esta base inferior se aloja el sensor de efecto Hall, colocado en el hueco previsto
para ello. De este modo, al girar la parte superior impulsada por el viento, el imán pasa
repetidamente frente al sensor, generando pulsos que permiten calcular las revoluciones
por minuto (RPM) y, por tanto, estimar la velocidad del viento.

Pluviómetro

El pluviómetro empleado también está compuesto por tres piezas impresas en 3D: la
caja exterior, el embudo superior y el balanćın.

Mario Acevedo Eustaquio 25



2 Desarrollo Hardware 2.5 Diseño de impresión 3D

Figura 2.30: Diseño 3D y montaje del pluviómetro.

El embudo se encaja en la parte superior de la caja con una serie de varillas, perfiles
y tuercas y dirige el agua hacia el balanćın, que se encuentra alojado en el interior de la
caja, situado con una varilla y una serie de tuercas. Este balanćın bascula hacia un lado
u otro cada vez que acumula una cantidad determinada de agua, vaciando uno de sus
compartimentos y generando un pulso gracias a un imán fijado en él, que pasa frente a
un sensor de efecto Hall instalado en un lateral de la caja. De esta forma, contando el
número de pulsos generados por el movimiento del balanćın, es posible calcular la cantidad
de precipitación acumulada en un intervalo de tiempo.

2.5.2. Diseños 3D propios del proyecto

Para la instalación del anemómetro y la veleta en la estación final, se consideró opor-
tuno diseñar un soporte individual para cada uno. Dichos soportes permiten la calibración
mediante el uso de un nivelador de burbuja y tres tornillos dispuestos en forma de tŕıpode
para facilitar el nivelado de los instrumentos.

Figura 2.31: Soportes: veleta y anemómetro.

Además de los soportes, también se consideró necesario el diseño de una caja para
la disposición final de la PCB. Para su diseño, se tuvo en cuenta que deb́ıa ser una caja
cerrada, pero no hermética, ya que era necesario permitir la entrada y salida de cables, aśı
como la entrada de humedad y temperatura para su correcta medición. Asimismo, deb́ıa
permitir el paso de luz para posibilitar la medición del ı́ndice UV.

En una primera fase del diseño, se realizó una caja con rejillas. Sin embargo, este
diseño fue descartado tras su impresión, debido a la dificultad para retirar los soportes
generados durante el proceso de impresión 3D en las zonas de las rejillas, además de que
la altura de la caja resultó insuficiente para alojar adecuadamente la pantalla LCD.
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Figura 2.32: Primer diseño de la caja para el alojamiento de la PCB.

En una segunda fase del diseño, se eliminaron las rejillas y se sustituyeron por pequeños
huecos en forma de rombos (los cuales no requeŕıan soportes durante la impresión 3D) y
se aumentó la altura de la caja para permitir la correcta instalación de la pantalla LCD.
También se diseñó una tapa que incorpora un metacrilato transparente, con el objetivo
de permitir la entrada de luz necesaria para la medición del ı́ndice UV.

Figura 2.33: Diseo definitivo de la caja para el alojamiento de la PCB.

2.5.3. Programa y equipo de impresión 3D

Para el diseño 3D de los componentes se ha utilizado la herramienta en ĺınea Tinkercad,
una plataforma intuitiva basada en la unión y modificación de formas geométricas básicas.
Esta herramienta permite realizar diseños de manera rápida y sencilla, lo cual resulta ideal
para prototipos funcionales como los utilizados en este proyecto. Gracias a su interfaz
amigable, fue posible modelar tanto los soportes como la caja de la PCB sin necesidad de
conocimientos avanzados en diseño asistido por ordenador (CAD).

Una vez finalizado el diseño, se exportaron los modelos en formato .stl, estándar para
impresión 3D. Posteriormente, estos archivos fueron procesados mediante el software Ulti-
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Maker Cura, una aplicación que permite preparar y ajustar los parámetros de impresión,
como la altura de capa, el relleno, la temperatura o la generación de soportes. Este paso
fue esencial para adaptar correctamente los modelos a las caracteŕısticas de la impresora
utilizada y garantizar una impresión correcta.

La impresora empleada en este proyecto fue una Anycubic i3 Mega, presente en el
laboratorio del departamento de Electricidad y Electrónica de la E.T.S.I.T., utilizando
como material de impresión filamento PLA genérico. Este tipo de filamento fue elegido por
su facilidad de uso, buena adherencia a la cama de impresión y propiedades adecuadas para
componentes que no estarán sometidos a esfuerzos extremos y que estarán en ambientes
exteriores.

2.6 Disposición final

La disposición final de los distintos componentes de la estación meteorológica se diseñó
considerando criterios de funcionalidad, accesibilidad y eficiencia en la recogida de datos.
Todo el conjunto está montado sobre una base de plancha de policarbonato de 40×40cm
que actúa como soporte estructural.

La PCB, que contiene todos los elementos electrónicos del sistema, se encuentra alojada
en el interior de una caja impresa en 3D. Esta caja cuenta con una tapa superior que
incorpora una ventana de cristal transparente, permitiendo aśı la entrada de luz necesaria
para el sensor de radiación UV.

Encima de la caja, se montó la veleta mediante un soporte calibrable, con el objetivo
de garantizar su correcta exposición al viento y su funcionamiento sin interferencias. A
la izquierda de la caja se situó el anemómetro, fijado mediante otro soporte calibrable
que permite su nivelación precisa. En una de las esquinas de la base se posicionó el
pluviómetro.

Para facilitar el montaje y la comprensión de la disposición, se elaboró un esquema
ilustrativo de la posición relativa de todos los elementos.

Figura 2.34: Esquema de la disposición final.

A continuación, se muestra una imagen de la estación meteorológica en su versión
final, completamente ensamblada.
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Figura 2.35: Estación meteorológica real.
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Caṕıtulo 3

Desarrollo Software

Este caṕıtulo describe la implementación del software que controla el funcionamiento
de la estación meteorológica. Se abordan las herramientas utilizadas para el desarrollo,
la estructura lógica del programa principal, la integración de los sensores y dispositivos
periféricos, aśı como los mecanismos empleados para la conectividad y transmisión de
datos hacia la red.

En primer lugar, en la plataforma de desarrollo, se detallan los entornos y lenguajes
utilizados, como el IDE de Arduino, junto con las principales bibliotecas que permiten la
comunicación con sensores, la visualización de datos y la conectividad de red mediante
WiFi y protocolo MQTT.

Posteriormente, se presenta la estructura del código principal, organizada en funciones
clave como setup() y loop(), además de rutinas espećıficas como setupwifi() para la
conexión a Internet, reconnect() para mantener activa la comunicación con el servidor
MQTT, e interrupciones que capturan eventos desde el anemómetro y el pluviómetro.

A continuación, se expone una descripción de los componentes individuales que con-
forman el sistema, incluyendo sensores ambientales, meteorológicos y elementos de salida
como la pantalla LCD. Se detalla su conexión f́ısica, configuración de lectura y procesa-
miento de datos, aśı como los factores de calibración empleados.

Finalmente, en la sección de conectividad y transmisión de datos, se especifica la
configuración de red, el formato de los mensajes en JSON, y la lógica de publicación
periódica de datos a través del protocolo MQTT, utilizando un tópico identificado como
/teleco/estacion1. Esto permite la integración del sistema en una arquitectura IoT para
monitoreo remoto en tiempo real.

Cabe destacar que todo el código desarrollado se carga y ejecuta directamente en una
Raspberry Pi Pico W, que actúa como unidad central de control. Esta placa microcontro-
ladora se encarga tanto de la lectura de sensores como del procesamiento de los datos y su
posterior env́ıo mediante WiFi. Gracias a su bajo consumo, tamaño reducido y compati-
bilidad con el entorno Arduino, la Raspberry Pi Pico W constituye una solución eficiente
y robusta para el control de la estación meteorológica.

3.1 Plataforma de desarrollo

El desarrollo del sistema se realizó utilizando la aplicación de software Arduino IDE,
una plataforma que proporciona un entorno de programación eficiente, con acceso a biblio-
tecas especializadas que facilitan la interacción con sensores y módulos de comunicación.
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El lenguaje de programación utilizado fue C++, debido a su eficiencia y compatibilidad
con microcontroladores de recursos limitados.

Para la implementación del sistema, se emplearon las siguientes bibliotecas:

Wire.h: para comunicación mediante el protocolo I2C, fundamental para la conexión
con varios sensores como el BME280. Viene integrada con Arduino IDE.

Adafruit Sensor.h: interfaz estándar para sensores de Adafruit, utilizada como
capa base en la obtención de datos f́ısicos. Se puede encontrar en el administrador
de librerias como Adafruit Unified Sensor by Adafruit.

Adafruit BME280.h: espećıfica para el sensor ambiental BME280 (temperatura, hu-
medad y presión). También se encuentra en el administrador de librerias como Ada-
fruit BME280 Library by Adafruit.

LiquidCrystal.h: permite controlar pantallas LCD en modo de 4 bits. Esta libreria
viene integrada por defecto con Arduino IDE.

WiFi.h: utilizada para establecer conexión a redes WiFi con microcontroladores
compatibles. Forma parte del paquete .Arduino Mbed OS RP2040 Boards”, instalado
para la configuración de la placa Raspberry Pi Pico W.

PubSubClient.h: facilita la implementación del protocolo MQTT para la transmi-
sión de datos a un servidor o broker. Se encuentra en el administrador de librerias
como PubSubClient by Nick O’Leary.

1 #inc lude <Wire . h> // v iene in teg rada con arduino IDE
2 #inc lude <Adaf ru i t Sensor . h> //Adafru i t Un i f i ed Sensor by Adafru i t
3 #inc lude <Adafruit BME280 . h> //Adafru i t BME280 Library by Adafru i t
4 #inc lude <Liqu idCrys ta l . h> // v iene in teg rada con arduino IDE
5 #inc lude <WiFi . h> // se i n s t a l a desde board manager Arduino Mbed OS

RP2040 Boards
6 #inc lude <PubSubClient . h> //PubSubClient by Nick O’ Leary

Listing 3.1: Importación de librerias.

Estas herramientas y libreŕıas conforman la base del entorno de desarrollo del sistema,
facilitando una integración de hardware y una transmisión de datos eficiente a través de
Internet.

3.2 Descripción de componentes individuales

Antes de desarrollar un código general que integrara el funcionamiento de todos los
sensores, se elaboraron programas individuales para cada uno con el objetivo de verificar
su correcto funcionamiento.

3.2.1. Sensor BME280

El siguiente código permite la lectura de los valores de temperatura, humedad relativa
y presión atmosférica mediante el sensor BME280, conectado a una Raspberry Pi Pico W
a través del bus I2C.
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Las conexiones f́ısicas entre el sensor y la Raspberry Pi Pico W son las siguientes: SDA
al pin 11 (GPIO 8), SCL al pin 12 (GPIO 9), VCC y CSB al pin 36 (3.3V), y GND y
SDO al pin 38 (GND). Para ellos se definene los pienes I2C de la siguiente forma:

13 #de f i n e I2C SDA 8 // GP8 − PIN 11
14 #de f i n e I2C SCL 9 // GP9 − PIN 12

Listing 3.2: Definición de pines I2C.

En la función setup(), se configura el puerto serie para depuración, se establecen los
pines personalizados para el bus I2C y se inicializa el sensor en la dirección 0x76, que es
la más común para este modelo. Si el sensor no se detecta correctamente, el programa se
detiene:

18 void setup ( ) {
19 S e r i a l . begin (115200 ) ;
20 Wire . setSDA( I2C SDA) ;
21 Wire . setSCL ( I2C SCL) ;
22 Wire . begin ( ) ;
23

24 i f ( ! bme . begin (0x76 ) ) {
25 S e r i a l . p r i n t l n ( ”Error : No se e n c o n t r e l BME280 . ” ) ;
26 whi le (1 ) ;
27 }
28

29 S e r i a l . p r i n t l n ( ”BME280 detectado correctamente . ” ) ;
30 }

Listing 3.3: Inicialización del sensor BME280.

En la función loop(), que se ejecuta de forma continua, se realizan lecturas periódicas
de temperatura, humedad y presión, y se imprimen por el monitor serie. La presión se
convierte de Pascales a hectoPascales (dividiendo entre 100), que es la unidad estándar
utilizada en meteoroloǵıa. Además, se introduce una pausa de 2 segundos entre mediciones
para facilitar la visualización de los datos.

32 void loop ( ) {
33 S e r i a l . p r i n t ( ”Temperatura : ” ) ;
34 S e r i a l . p r i n t (bme . readTemperature ( ) ) ;
35 S e r i a l . p r i n t l n ( ” C ” ) ;
36

37 S e r i a l . p r i n t ( ”Humedad : ” ) ;
38 S e r i a l . p r i n t (bme . readHumidity ( ) ) ;
39 S e r i a l . p r i n t l n ( ” %” ) ;
40

41 S e r i a l . p r i n t ( ” P r e s i n : ” ) ;
42 S e r i a l . p r i n t (bme . readPres sure ( ) / 100.0F) ;
43 S e r i a l . p r i n t l n ( ” hPa” ) ;
44

45 S e r i a l . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−” ) ;
46 delay (2000 ) ;
47 }

Listing 3.4: Lectura y visualización de datos del sensor.

Mario Acevedo Eustaquio 33



3 Desarrollo Software 3.2 Descripción de componentes individuales

Este código permite comprobar el correcto funcionamiento del sensor y obtener una
lectura en tiempo real de las condiciones ambientales. La salida por el monitor serie es la
siguiente:

BME280 detectado correctamente.

---------------------

Temperatura: 22.45 °C
Humedad: 47.30 %

Presión: 1013.85 hPa

---------------------

3.2.2. Sensor GUVA-S12SD

Este código permite la medición del ı́ndice ultravioleta (UV) mediante el sensor GUVA-
S12SD, el cual proporciona una salida analógica proporcional a la intensidad de radiación
UV. El sensor se conecta directamente a una entrada analógica (ADC) de la Raspberry
Pi Pico W.

Las conexiones f́ısicas entre el sensor y la Raspberry Pi Pico W son las siguientes: SIG
al pin 31 (GPIO26 / ADC0), VCC al pin 36 (3.3V), y GND al pin 38 (GND). La lectura
se realiza sobre el pin analógico 26, definido del siguiente modo:

7 #de f i n e UV SENSOR PIN 26 // GPIO26 = ADC0
8 #de f i n e FACTORCONVERSION 7.64 // Curva ha l l ada ( f a l t a r e s t a r 1 . 97 )

Listing 3.5: Definición del pin de entrada y factor de conversión.

En la función setup(), se inicializa la comunicación serie a 115200 baudios para la
salida de depuración:

10 void setup ( ) {
11 S e r i a l . begin (115200 ) ;
12 }

Listing 3.6: Inicialización del puerto serie.

En la función loop(), se realiza la lectura del valor analógico generado por el sensor
con la función analogRead(). Esta lectura (de 0 a 1023) se convierte a milivoltios, y luego
se calcula el ı́ndice UV con la ecuación hallada en la calibración del sensor. En función del
valor obtenido, se clasifica el nivel de riesgo de exposición según las categoŕıas establecidas
por la OMS:

14 void loop ( ) {
15 i n t uv raw = analogRead (UV SENSOR PIN) ;
16 uv = ( uv raw / 1023 ) ∗ 3.3 ∗ FACTORCONVERSION − 1.97 ;
17 St r ing r i e s g o uv ;
18 i f ( uv < 3 ) {
19 r i e s g o uv = ”Bajo” ;
20 } e l s e i f ( uv >= 3 && uv < 6 ) {
21 r i e s g o uv = ”Moderado” ;
22 } e l s e i f ( uv >= 6 && uv < 8 ) {
23 r i e s g o uv = ”Alto ” ;
24 } e l s e i f ( uv >= 8 && uv < 11 ) {
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25 r i e s g o uv = ”Muy Alto ” ;
26 } e l s e {
27 r i e s g o uv = ”Extremo” ;
28 }
29

30 S e r i a l . p r i n t ( ”Lectura ADC: ” ) ;
31 S e r i a l . p r i n t ( uv raw ) ;
32 S e r i a l . p r i n t l n ( ” V ” ) ;
33

34 S e r i a l . p r i n t ( ” ndice UV: ” ) ;
35 S e r i a l . p r i n t ( uv ) ;
36 S e r i a l . p r i n t l n ( ” UVI” ) ;
37

38 S e r i a l . p r i n t ( ”Riesgo ” ) ;
39 S e r i a l . p r i n t l n ( r i e s g o uv ) ;
40

41 S e r i a l . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−” ) ;
42

43 delay (1000 ) ;
44 }

Listing 3.7: Lectura del sensor UV y determinación de riesgo.

Este código permite visualizar en tiempo real el nivel de radiación ultravioleta y su
clasificación de riesgo. Un ejemplo t́ıpico de salida por el monitor serie seŕıa:

---------------------

Lectura ADC: 625

Índice UV: 3.56 UVI

Riesgo Moderado

---------------------

3.2.3. Veleta

El siguiente código permite la lectura de la dirección del viento mediante una veleta
modelo ZTS-3000-FXJT-V05-360, conectada a la Raspberry Pi Pico W a través de una
entrada analógica. Este sensor proporciona una señal analógica proporcional a la dirección
del viento, con un rango que vaŕıa desde 0 hasta aproximadamente 800 unidades ADC.

Es importante destacar que la veleta debe instalarse con una marca, que dispone la
veleta, apuntando al norte para una correcta interpretación de los valores.

Las conexiones f́ısicas se realizan a través de un conversor de voltaje a 10V con las
siguientes conexiones:

GND IN del conversor: pin 38 (GND de la Raspberry Pi Pico W)

VIN del conversor: pin 36 (3.3V)

GND OUT: se conecta al cable negro y amarillo de la veleta, y a una resistencia de
270 Ω

VOUT: se conecta al cable marrón de la veleta

El cable azul de la veleta se conecta al pin 32 (GPIO 27 / ADC1) y a la otra patilla
de la resistencia
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La lectura se realiza sobre el pin analógico 27, definido como sigue:

17 const i n t p inVeleta = 27 ; // GP27 es ADC1

Listing 3.8: Definición del pin de lectura de la veleta.

En la función setup(), se inicializa la comunicación serie para depuración:

19 void setup ( ) {
20 S e r i a l . begin (115200 ) ;
21 }

Listing 3.9: Inicialización del puerto serie.

En la función loop(), se realiza la lectura del valor analógico. Se asume un rango
máximo de 800 en lugar de 4095 (valor estándar del ADC), lo cual puede depender del
conversor utilizado. A partir del valor analógico se calcula el voltaje y se transforma
linealmente en grados (0° a 360°):

23 void loop ( ) {
24 i n t l e c t u r a = analogRead ( p inVe leta ) ; // Leer s e a l a n a l g i c a

(0−800 en Pico ) 0/800 norte 0 , 200 e s t e s 90 , 400 sur 180 , 600
oe s t e 270 ETIQUETA APUNTA AL NORTE! ! !

25 f l o a t v o l t a j e = l e c t u r a ∗ (3.3 / 800.0 ) ; // Convert i r a v o l t a j e no
se muy bien s i e s 800 o 4095

26

27

28 // Convertimos a grados
29 f l o a t grados = l e c t u r a ∗ (360.0 / 800.0 ) ;
30

31

32 S e r i a l . p r i n t ( ”Valor ADC: ” ) ;
33 S e r i a l . p r i n t ( l e c t u r a ) ;
34 S e r i a l . p r i n t ( ” − Vol ta j e : ” ) ;
35 S e r i a l . p r i n t ( v o l t a j e ) ;
36 S e r i a l . p r i n t ( ” − Grados : ” ) ;
37 S e r i a l . p r i n t l n ( grados ) ;
38

39 i f ( grados > 350 | | grados < 10 ) S e r i a l . p r i n t ( ”NORTE” ) ;
40 i f ( grados > 80 && grados < 100 ) S e r i a l . p r i n t ( ”ESTE” ) ;
41 i f ( grados > 170 && grados < 190 ) S e r i a l . p r i n t ( ”SUR” ) ;
42 i f ( grados > 260 && grados < 280 ) S e r i a l . p r i n t ( ”OESTE” ) ;
43

44 delay (500 ) ; // Leer cada medio segundo
45 }

Listing 3.10: Lectura de dirección del viento y conversión a grados.

Este código permite obtener una lectura aproximada de la dirección del viento y mos-
trar en el monitor serie tanto el valor analógico como la conversión a voltaje y grados.
También identifica las cuatro direcciones principales (N, S, E, O) mediante rangos de
tolerancia definidos.

Un ejemplo de salida del monitor serie seŕıa:

---------------------

Valor ADC: 23 - Voltaje: 0.10 - Grados: 9.35

NORTE

---------------------
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3.2.4. Anemómetro

El siguiente código permite medir la velocidad de giro del anemómetro basado en un
sensor de efecto Hall modelo SS49E. Este sensor genera un pulso cada vez que un imán
pasa frente a él, lo que permite calcular la velocidad de giro.

Para calcular la velocidad del viento, habŕıa que utilizar la siguiente fórmula:

V viento = A ∗ V giro+B

Donde A y B representan factores de calibración cuya determinación implica un pro-
ceso más complejo, tanto en términos de cálculos como de condiciones experimentales.
Para su obtención precisa, seŕıa necesario el uso de un túnel de viento, recurso del que no
se dispone en el proyecto.

Las conexiones f́ısicas entre el sensor y la Raspberry Pi Pico W son las siguientes:

VCC (pin 1 del sensor) al pin 36 (3.3V)

GND (pin 2) al pin 38 (GND)

VOUT (pin 3) al pin 20 (GPIO)

La constante de calibración usada se basa en el radio del rotor (r = 0,1m) y permite
convertir las revoluciones por minuto a km/h.

9 const i n t pinAnemometro = 20 ; // Pin GPIO para e l s enso r Hal l
10 const f l o a t CALIBRATIONFACTORANEMOMETRO = 0.0377 ; // Factor de

c a l i b r a c i n 2∗ pi ∗ r ∗60/1000 ( r =0.1)
11 const unsigned long REPORT INTERVAL = 3000 ; // I n t e r va l o de r epo r t e en

ms
12

13 // Var iab l e s para i n t e r r up c i on e s
14 v o l a t i l e unsigned long pulseCountAnem = 0 ;
15 v o l a t i l e unsigned long lastPulseTimeAnem = 0 ;
16 f l o a t rpm = 0.0 ;
17 f l o a t windSpeedKmh = 0.0 ;

Listing 3.11: Definición de pines y variables del anemómetro.

En la función setup(), se configura el pin del sensor como entrada con resistencia
pull-up, se inicializa la comunicación serie y se asocia una interrupción al flanco de subida
para contar los pulsos generados por el sensor.

22 void setup ( ) {
23 S e r i a l . begin (115200 ) ;
24 whi le ( ! S e r i a l ) ; // Esperar i n i c i a l i z a c i n s e r i a l
25

26 pinMode ( pinAnemometro , INPUT PULLUP) ;
27 a t ta ch In t e r rup t ( d i g i t a lP inTo In t e r rup t ( pinAnemometro ) , hal lSensorISR ,

RISING) ; // FALLING o RISING
28

29 S e r i a l . p r i n t l n ( ”Anem metro i n i c i a l i z a d o − Mediciones cont inuas ” ) ;
30 }

Listing 3.12: Inicialización y configuración de interrupción.
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La función loop(), calcula cada 3 segundos el número de pulsos detectados y se
transforma en revoluciones por minuto (RPM), para luego convertirlo en velocidad del
viento en km/h y m/s.

32 void loop ( ) {
33 s t a t i c unsigned long lastReportTime = 0 ;
34 unsigned long currentTime = m i l l i s ( ) ;
35

36 i f ( currentTime − lastReportTime >= REPORT INTERVAL) {
37 noInte r rupt s ( ) ;
38 unsigned long pu l s e s = pulseCountAnem ;
39 unsigned long lastTime = lastPulseTimeAnem ;
40 pulseCountAnem = 0 ;
41 i n t e r r up t s ( ) ;
42

43 i f ( pu l s e s > 0 && lastTime > 0 ) {
44 f l o a t measurementTime = ( currentTime − lastReportTime ) / 1000.0 ;
45 rpm = ( pu l s e s / measurementTime ) ∗ 60.0 ;
46 windSpeedKmh = rpm ∗ CALIBRATIONFACTORANEMOMETRO;
47 } e l s e {
48 rpm = 0.0 ;
49 windSpeedKmh = 0.0 ;
50 }
51

52 S e r i a l . p r i n t ( ”RPM: ” ) ;
53 S e r i a l . p r i n t (rpm) ;
54 S e r i a l . p r i n t ( ” | Velocidad : ” ) ;
55 S e r i a l . p r i n t (windSpeedKmh) ;
56 S e r i a l . p r i n t ( ” km/h | ” ) ;
57 S e r i a l . p r i n t (windSpeedKmh / 3.6 ) ;
58 S e r i a l . p r i n t l n ( ” m/ s ” ) ;
59

60 lastReportTime = currentTime ;
61 }
62 }

Listing 3.13: Cálculo de velocidad del viento.

La rutina de interrupción se ejecuta cada vez que se detecta un flanco de subida,
incrementando el conteo de pulsos y registrando el tiempo del último pulso:

65 void ha l lSensor ISR ( ) {
66 pulseCountAnem++;
67 lastPulseTimeAnem = micros ( ) ;
68 S e r i a l . p r i n t l n ( ” + uno” ) ;
69 }

Listing 3.14: Rutina de interrupción del sensor Hall.

La salida en el monitor serie tendrá un formato similar al siguiente:

---------------------

+ uno

+ uno

RPM: 180.00 | Velocidad: 6.79 km/h | 1.88 m/s

---------------------
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3.2.5. Pluviómetro

El siguiente código permite medir la cantidad de lluvia mediante un pluviómetro con
un sensor de efecto Hall SS49E. Este sensor detecta cada basculación del balanćın del plu-
viómetro, que contiene un pequeño imán. Cada pulso corresponde a un volumen conocido
de agua. El código devuelve la precipitación acumulada desde el último reporte, es decir,
env́ıa la precipitación registrada en los últimos 3 segundos.

Las conexiones f́ısicas entre el sensor y la Raspberry Pi Pico W son las siguientes:

VCC (pin 1 del sensor) al pin 36 (3.3V)

GND (pin 2) al pin 38 (GND)

VOUT (pin 3) al pin 21 (GPIO)

El factor de calibración se ajusta según el volumen recogido por cada basculación. El
balanćın se calibró con una jeringuilla, observando una capacidad de 3.7 ml.

9 const i n t HALL SENSOR PIN = 21 ; // Pin GPIO para e l s enso r Hal l
10 const f l o a t CALIBRATION FACTOR = 3.7 ; // Factor de c a l i b r a c i n 3 .7

ml cada balanceo
11 const unsigned long REPORT INTERVAL = 3000 ; // I n t e r va l o de r epo r t e en

ms
12

13 // Var iab l e s para i n t e r r up c i on e s
14 v o l a t i l e unsigned long pulseCount = 0 ;
15 v o l a t i l e unsigned long lastPulseTime = 0 ;
16 f l o a t contador min = 0.0 ;
17 f l o a t cant idad ml = 0.0 ;

Listing 3.15: Definición de pines y variables del pluviómetro.

En la función setup(), se configura la entrada digital con resistencia pull-up, se
inicializa la comunicación serie y se vincula una interrupción al flanco de subida del
sensor Hall:

22 void setup ( ) {
23 S e r i a l . begin (115200 ) ;
24 whi le ( ! S e r i a l ) ; // Esperar i n i c i a l i z a c i n s e r i a l
25

26 pinMode (HALL SENSOR PIN, INPUT PULLUP) ;
27 a t ta ch In t e r rup t ( d i g i t a lP inTo In t e r rup t (HALL SENSOR PIN) ,

hal lSensorISR , RISING) ; // FALLING o RISING
28

29 S e r i a l . p r i n t l n ( ” P l u v i m e t r o i n i c i a l i z a d o − Mediciones cont inuas ” ) ;
30 }

Listing 3.16: Inicialización del pluviómetro.

Cada 3 segundos, la función loop() calcula la cantidad de pulsos detectados y estima
el caudal de lluvia en litros por metro cuadrado:
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32 void loop ( ) {
33 s t a t i c unsigned long lastReportTime = 0 ;
34 unsigned long currentTime = m i l l i s ( ) ;
35

36 i f ( currentTime − lastReportTime >= REPORT INTERVAL) {
37 noInte r rupt s ( ) ;
38 unsigned long pu l s e s = pulseCount ;
39 unsigned long lastTime = lastPulseTime ;
40 pulseCount = 0 ;
41 i n t e r r up t s ( ) ;
42

43 i f ( pu l s e s > 0 && lastTime > 0 ) {
44 f l o a t measurementTime = ( currentTime − lastReportTime ) / 1000.0 ;
45 // pu l s e s
46 cant idad ml = pu l s e s ∗ CALIBRATION FACTOR;
47 } e l s e {
48

49 cant idad ml = 0.0 ;
50 }
51

52 S e r i a l . p r i n t ( ”Contador desde l a ltima i n t e r r u p c i n : ” ) ;
53 S e r i a l . p r i n t l n ( pu l s e s ) ;
54 S e r i a l . p r i n t ( ” | Cantidad desde l a ltima i n t e r r u p c i n : ” ) ;
55 S e r i a l . p r i n t ( cant idad ml /0.000014725 , 2 ) ; // 9 . 5∗15 . 5 cm Area de l

embudo = 0.014725 mˆ2 / 1000 para pasar de ml a l
56 S e r i a l . p r i n t l n ( ” l /mˆ2 | ” ) ;
57

58

59 lastReportTime = currentTime ;
60 }
61 }

Listing 3.17: Cálculo de caudal de lluvia.

La rutina de interrupción se activa con cada flanco de subida y simplemente incrementa
el contador de pulsos:

64 void ha l lSensor ISR ( ) {
65 pulseCount++;
66 lastPulseTime = micros ( ) ;
67 S e r i a l . p r i n t l n ( ” + uno” ) ;
68 }

Listing 3.18: Rutina de interrupción del sensor Hall.

La salida en el monitor serie se actualiza periódicamente con datos como:

---------------------

+ uno

+ uno

Contador desde última interrupción: 20.00

Cantidad desde última interrupción: 74.00 l/m^2

---------------------

40 Mario Acevedo Eustaquio



3.2 Descripción de componentes individuales 3 Desarrollo Software

3.2.6. Pantalla LCD

El siguiente código permite mostrar información en una pantalla LCD de 16 columnas
por 2 filas (modelo HD44780 o compatible), utilizando la libreŕıa LiquidCrystal y una
conexión en modo de 4 bits a la Raspberry Pi Pico W.

Las conexiones f́ısicas entre la pantalla LCD y la Raspberry Pi Pico W son las siguien-
tes:

VSS al pin 38 (GND)

VDD al pin 36 (3.3V)

V0 al pin central de potenciómetro (para contraste)

RS al pin 1 (GPIO 0)

RW al pin 38 (GND)

E al pin 2 (GPIO 1)

D4 al pin 4 (GPIO 2)

D5 al pin 5 (GPIO 3)

D6 al pin 6 (GPIO 4)

D7 al pin 7 (GPIO 5)

A (anodo retroiluminación) al pin 40 (3.3V)

K (cátodo retroiluminación) al pin 38 (GND)

17 #inc lude <Liqu idCrys ta l . h>
18

19 // Conf igura p ines (RS, E, D4 , D5 , D6 , D7)
20 Liqu idCrys ta l l cd (0 , 1 , 2 , 3 , 4 , 5 ) ; // Usando GP0, GP1, GP2, GP3,

GP4, GP5
21

22 // Var iab l e s para e l c on t r o l de l tiempo
23 unsigned long previousTime = 0 ;
24 const long i n t e r v a l = 3000 ; // I n t e r va l o de 3 segundos (3000 ms)
25 i n t s tep = 0 ; // Paso ac tua l de l buc le

Listing 3.19: Variables de la pantalla LCD y definición de pines.

En la función setup(), se inicializa la pantalla LCD y se muestra un mensaje de inicio:

27 void setup ( ) {
28 l cd . begin (16 , 2 ) ; // I n i c i a l i z a LCD (16 columnas , 2 f i l a s )
29 l cd . p r i n t ( ” In i c i ando . . . ” ) ;
30 delay (1000 ) ;
31 l cd . c l e a r ( ) ;
32 }

Listing 3.20: Inicialización de pantalla LCD y mensaje de bienvenida.
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La función loop() actualiza la pantalla cada 3 segundos, mostrando de forma ćıclica
distintas variables meteorológicas (estos valores deben ser reemplazados por las lecturas
reales de los sensores):

34 void loop ( ) {
35 unsigned long currentTime = m i l l i s ( ) ; // Tiempo ac tua l
36

37 // Cada 3 segundos , cambia e l mensaje
38 i f ( currentTime − previousTime >= in t e r v a l ) {
39 previousTime = currentTime ; // Re in i c i a e l temporizador
40

41 l cd . c l e a r ( ) ; // Limpia l a pan ta l l a
42

43 switch ( s tep ) {
44 case 0 :
45 l cd . se tCursor (0 , 0 ) ;
46 l cd . p r i n t ( ”Temperatura : ” ) ;
47 l cd . se tCursor (0 , 1 ) ;
48 l cd . p r i n t ( ” 25 .5 C” ) ; // Reemplaza con tu senso r r e a l
49 break ;
50 case 1 :
51 l cd . se tCursor (0 , 0 ) ;
52 l cd . p r i n t ( ”Humedad : ” ) ;
53 l cd . se tCursor (0 , 1 ) ;
54 l cd . p r i n t ( ”60%” ) ; // Reemplaza con tu senso r r e a l
55 break ;
56 case 2 :
57 l cd . se tCursor (0 , 0 ) ;
58 l cd . p r i n t ( ” P r e s i n : ” ) ;
59 l cd . se tCursor (0 , 1 ) ;
60 l cd . p r i n t ( ”1013 hPa” ) ; // Reemplaza con tu senso r r e a l
61 break ;
62 case 3 :
63 l cd . se tCursor (0 , 0 ) ;
64 l cd . p r i n t ( ” Ind i c e UV: ” ) ;
65 l cd . se tCursor (0 , 1 ) ;
66 l cd . p r i n t ( ”Moderado” ) ; // Reemplaza con tu senso r r e a l
67 break ;
68 }
69

70 s tep++; // Avanza a l s i g u i e n t e paso
71 i f ( s tep > 3 ) s tep = 0 ; // Re i n i c i a e l buc le d e s p u s de l ndice

UV
72 }
73 }

Listing 3.21: Visualización rotativa de datos.

Esta secuencia permite mostrar los parámetros atmosféricos medidos en tiempo real
en una única pantalla LCD, ideal cuando no se dispone de una interfaz gráfica o monitor
adicional.

El Anexo D. contiene todos los códigos completos utilizados para las pruebas indivi-
duales.

42 Mario Acevedo Eustaquio



3.3 Conectividad y transmisión de datos 3 Desarrollo Software

3.3 Conectividad y transmisión de datos

El sistema de la estación meteorológica implementa conectividad WiFi utilizando el
protocolo de mensajeŕıa ligera MQTT para la transmisión de datos hacia un servidor
local. Esta comunicación permite la monitorización remota de los parámetros atmosféricos
capturados por los sensores.

3.3.1. Configuración de red WiFi

La conexión WiFi se establece utilizando el SSID de la red a la que se conecte la
Raspberry Pi Pico W, y la contraseña de esta red.

En el código fuente, esta configuración se realiza mediante las siguientes ĺıneas:

10 const char ∗ s s i d = ”TU SSID WIFI” ;
11 const char ∗ password = ”TU CONTRSEA WIFI” ;

Listing 3.22: Credenciales WiFi.

275 void s e t up w i f i ( ) {
276 delay (10 ) ;
277 S e r i a l . p r i n t l n ( ”Conectando a WiFi . . . ” ) ;
278 WiFi . begin ( s s id , password ) ;
279

280 whi le (WiFi . s t a tu s ( ) != WLCONNECTED) {
281 delay (500 ) ;
282 S e r i a l . p r i n t ( ” . ” ) ; S e r i a l . p r i n t (WiFi . s t a tu s ( ) ) ;
283 }
284

285 S e r i a l . p r i n t l n ( ”\nWiFi conectado ” ) ;
286 S e r i a l . p r i n t ( ”IP : ” ) ;
287 S e r i a l . p r i n t l n (WiFi . l o c a l IP ( ) ) ;
288 }

Listing 3.23: Configuración WiFi.

Una vez conectado, el dispositivo muestra la dirección IP asignada por la red, lo cual
permite su identificación dentro de la red local.

3.3.2. Formato del mensaje transmitido

Los datos de los sensores son formateados en un objeto JSON antes de ser enviados. Este
formato permite estructurar la información de manera clara y fácilmente interpretable por
aplicaciones de visualización o almacenamiento. Un ejemplo de mensaje transmitido es:

{

"t": 23.45,

"h": 56.78,

"pn": 1012.34,

"v": 180.00,

"a": 15.67,

"pl": 0.50,

"r": 5.12

}
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Donde:

"t": Temperatura (◦C)

"h": Humedad relativa (%)

"pn": Presión atmosférica (hPa)

"v": Dirección del viento (◦)

.a": Velocidad del viento (km/h)

"pl": Precipitación (mLmin−1)

r": Índice UV (valor numérico)

3.3.3. Protocolo de comunicación: MQTT

Para la transmisión de datos, se utiliza el protocolo MQTT (Message Queuing
Telemetry Transport), ideal para aplicaciones IoT debido a su ligereza y eficiencia. En
este caso, se emplea la biblioteca PubSubClient para la conexión y publicación.

El servidor MQTT está alojado localmente con la herramienta Mosquitto, configu-
rado en la dirección IP:

Broker MQTT: 192.168.1.105

Puerto: 1883

Usuario: xxxxxxxxxxxxxx

Contraseña: xxxxxxxxxxxxxx

La publicación de datos se realiza periódicamente (cada 6 segundos) en el tópico
/teleco/estacion1.

124 i f ( m i l l i s ( ) − lastMsg > 6000 ) {
125 lastMsg = m i l l i s ( ) ;
126 St r ing mensaje = ”{” ;
127 mensaje += ”\” t \” : ” + St r ing ( temp , 2 ) + ” , ” ; // comentario
128 mensaje += ”\”h \” : ” + St r ing (hum, 2 ) + ” , ” ;
129 mensaje += ”\”pn \” : ” + St r ing ( pres , 2 ) + ” , ” ;
130 mensaje += ”\”v \” : ” + St r ing ( grados , 2 ) + ” , ” ;
131 mensaje += ”\”a \” : ” + St r ing (windSpeedKmh , 2 ) + ” , ” ;
132 mensaje += ”\” p l \” : ” + St r ing ( cantidad ml , 2 ) + ” , ” ;
133 mensaje += ”\” r \” : ” + St r ing (uv , 2 ) ;
134 mensaje += ”}” ;
135

136 char bu f f e r [ mensaje . l ength ( ) + 1 ] ;
137 mensaje . toCharArray ( bu f f e r , s i z e o f ( bu f f e r ) ) ;
138

139 c l i e n t . pub l i sh ( ”/ t e l e c o / e s t a c i on1 ” , bu f f e r ) ;
140

141 S e r i a l . p r i n t l n ( ”Mensajes publ icado ” ) ;
142 }

Listing 3.24: Publicación de los datos.
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3.3.4. Uso de Mosquitto

Mosquitto es un broker MQTT de código abierto que permite la comunicación entre
dispositivos mediante el protocolo MQTT (Message Queuing Telemetry Transport), un
sistema de mensajeŕıa ligero y eficiente basado en el modelo publicador/suscriptor. Este
protocolo está especialmente diseñado para entornos con recursos limitados o redes ines-
tables, como es habitual en proyectos de IoT (Internet of Things). Mosquitto gestiona los
mensajes que se publican en distintos tópicos, permitiendo que otros dispositivos suscritos
a dichos tópicos los reciban de forma eficiente y en tiempo real.

En el contexto de este trabajo, Mosquitto se utilizó como broker MQTT de forma
local, instalado en el mismo ordenador empleado para la realización de pruebas de funcio-
namiento. Esta configuración permitió verificar el correcto funcionamiento de la conexión
de red, la autenticación básica y la transmisión de mensajes en formato JSON desde la
estación meteorológica al broker. Es importante destacar que el uso de Mosquitto en este
proyecto tiene carácter provisional y experimental, ya que la implementación definitiva
del sistema de mensajeŕıa y del broker MQTT forma parte de otro proyecto independiente
que complementa esta estación meteorológica.

3.3.5. Funcionamiento general

El flujo de conectividad y transmisión puede resumirse de la siguiente manera:

1. La estación se conecta a la red WiFi local.

2. Establece conexión con el broker Mosquitto a través de MQTT.

3. Cada 6 segundos, los datos ambientales se leen, se empaquetan en formato JSON y
se publican en el tópico /teleco/estacion1.

4. Cualquier cliente MQTT (por ejemplo, una aplicación en Python, Node-RED o una
base de datos) que esté suscrito a dicho tópico puede recibir y procesar estos datos
en tiempo real.

3.4 Estructura del código principal

Una vez realizadas con éxito todas las pruebas individuales, tanto de los sensores como
de la conectividad WiFi y el env́ıo por MQTT, se procedió a integrar todos los módulos
en un único programa. Este código unificado se ejecuta en la Raspberry Pi Pico W y
coordina el funcionamiento global de la estación meteorológica.

El programa se estructura en dos partes principales: la función setup() y el bucle
loop(). En la fase de inicialización, setup() se encarga de:

Configurar los pines y modos de funcionamiento de los sensores.

Inicializar la pantalla LCD en modo 4 bits.

Establecer la conexión con la red WiFi.

Configurar el cliente MQTT.

Iniciar el bus I2C y comprobar la presencia del sensor BME280.
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Activar las interrupciones para el anemómetro y el pluviómetro.

Una vez completada la inicialización, el bucle principal loop() entra en funcionamien-
to. Este se encarga de:

Reconectar al broker MQTT en caso de desconexión.

Realizar lecturas periódicas de todos los sensores (temperatura, humedad, presión,
UV, dirección y velocidad del viento, precipitación).

Procesar los datos provenientes de los sensores con pulsos (anemómetro y pluvióme-
tro) mediante variables compartidas y temporizadas.

Construir un mensaje en formato JSON y enviarlo al servidor MQTT.

Mostrar ćıclicamente los diferentes valores medidos en la pantalla LCD.

Además, se utilizan funciones auxiliares como setup wifi() para establecer la cone-
xión inalámbrica y reconnect() para mantener activa la comunicación con el servidor
MQTT. Las interrupciones definidas (ISR) permiten registrar eventos de forma precisa
sin interrumpir la ejecución general del programa.

Esta arquitectura modular facilita la integración eficiente de múltiples sensores, asegu-
rando una operación continua, autónoma y sincronizada del sistema. El código completo
que implementa la estación meteorológica se encuentra en el Anexo D.7.
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Caṕıtulo 4

Presupuesto

En este caṕıtulo se presenta una estimación económica del coste total asociado al
desarrollo y fabricación de la estación metereológica. El objetivo es conocer cuánto cuesta
producir una unidad y cómo vaŕıa ese coste en función del volumen de producción.

Para ello, se han distinguido dos tipos de costes: los costes fijos y los costes variables.

Los costes fijos son aquellos que no dependen del número de unidades producidas.
El principal en este proyecto es el tiempo dedicado al diseño por parte del ingeniero.
Este coste se asume de forma inicial (tiempo dedicado al estudio, análisis y diseño de
la estación), y se reparte entre todas las unidades fabricadas, por lo que su impacto por
unidad disminuye cuanto mayor es el volumen de producción.

Por otro lado, los costes variables śı dependen directamente del número de unidades
fabricadas. Aqúı se incluyen principalmente los materiales necesarios para fabricar cada
dispositivo. Estos costes se mantienen constantes por unidad y no se ven afectados por la
escala de producción.

En la Tabla 4.1 se detalla el coste del material necesario para fabricar una unidad del
dispositivo, aśı como el precio por hora de trbajo a la hora de montar la estación. En los
componentes que requieren una compra mı́nima, se ha considerado el precio de la compra
mı́nima.

Mario Acevedo Eustaquio 47



4 Presupuesto

Componente Cantidad Coste (€)

Resistencia R1 10 0,08
Resistencia R3 10 0,62
Resistencia R4 10 0,42
BME280 1 3,28
Conversor a 10V 1 6,58
Sensor Hall SS49E 5 2,00
Panttalla LCD 1 2,83
Potenciómetro 1 2,36
Raspberry Pi Pico W 1 6,39
Botón RESET 10 1,22
Veleta ZTS-3000-FXJT 1 19,65
PCB 5 5,73
PLA impresión 3D 1 12,95
Tornilleria 1 6,15
Rodamiento 1 2,13
Plancha policarbonato 8 12,00
Imanes 5 1,29
Horas de montaje 5 60,00

Total 145,68

Tabla 4.1: Coste de materiales por unidad.

El coste de desarrollo se muestra en la Tabla 4.2. Se ha calculado en función del
número estimado de horas necesarias para el análisis, estudio y diseño, y el precio por
hora del trabajo técnico, calculado suponiendo un salario anual de 21.504 € y el convenio
de ingenieŕıas y oficinas técnicas de 1.792 horas anuales.

Horas dedicadas Precio por hora (€/h) Total (€)

145 12,00 1.740,00

Tabla 4.2: Coste de desarrollo del dispositivo.

La Tabla 4.3 muestra cómo vaŕıa el precio de algunos materiales en función de la
cantidad de unidades producidas. Por su parte, la Tabla 4.4 detalla cómo se reparte el
coste total de desarrollo según el número de unidades.
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Componente Coste 1 u. (€) Coste 100 uds. (€) Coste 1000 uds. (€)

R1 0,08 0,0074 0,0052
R3 0,62 0,0346 0,0202
R4 0,42 0,029 0,0241

Sensor Hall SS49E 2,00 0,40 0,40
Potenciómetro 2,36 1,70 1,70
Botón RESET 1,22 0,1027 0,0835

PCB 5,73 1,3587 0,89258
PLA impresión 3D 12,95 1,295 1,295

Plancha policarbonato 12,00 1,56 1,56
Imanes 1,29 0,259 0,258

Tabla 4.3: Coste material por unidad en función del volumen

Unidades. Coste material (€) Coste de desarrollo (€) Coste total (€)

1 145,68 1740,00 1885,68
100 113,77 17,40 131,17
1000 113,25 1,74 114,99

Tabla 4.4: Coste total por unidad en función del volumen

Como se puede observar, a partir de las 10 unidades la variación del coste de material
es muy reducida, notándose la variación total en el coste de desarrollo. A partir de las
mil unidades, tanto el cambio del coste de desarrollo como del material es despreciable.
Se adjunta la lista de materiales BOM (Bill of materials) en el Anexo E.
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Caṕıtulo 5

Conclusiones

5.1 Resultado del proyecto

El desarrollo de este Trabajo Fin de Grado ha culminado con éxito, alcanzando los
objetivos planteados inicialmente. Se ha diseñado y construido una estación meteorológica
completa, basada en la Raspberry Pi Pico W, capaz de medir diversas variables climáticas:
temperatura, presión atmosférica, humedad relativa, ı́ndice de radiación ultravioleta (UV),
cantidad de precipitación, velocidad y dirección del viento. Para ello, se han integrado
diferentes sensores mediante una placa de circuito impreso (PCB) personalizada, y se
ha desarrollado una carcasa protectora impresa en 3D que permite su uso en entornos
exteriores.

En el plano del software, se ha programado un sistema robusto que no solo adquiere y
procesa las mediciones locales, sino que también se encarga de enviarlas de forma periódica
a un servidor remoto utilizando el protocolo de comunicación MQTT. Esta funcionalidad
de conectividad ha sido posible gracias a la incorporación del módulo WiFi en la Raspberry
Pi Pico W, lo que convierte el sistema en una solución de bajo consumo, bajo coste y
adecuada para aplicaciones de Internet de las Cosas (IoT).

Durante el proceso de desarrollo, se han superado diversos retos técnicos, como la
integración de sensores analógicos y digitales, la adaptación de tensiones incompatibles,
la calibración de sensores de viento y precipitación, y el diseño f́ısico de los componentes.
Todo ello ha contribuido a una comprensión más profunda tanto del diseño electrónico
como del desarrollo de software.

El sistema resultante ha mostrado un funcionamiento correcto y estable, lo que de-
muestra su viabilidad como herramienta para el monitoreo ambiental. Su diseño abierto y
replicable permite que pueda ser implementado en entornos educativos, urbanos o rurales.

En definitiva, el proyecto ha cumplido satisfactoriamente sus objetivos, sentando las
bases para desarrollos futuros que ampĺıen sus capacidades o faciliten su despliegue a
mayor escala.

5.2 Ĺıneas de futuro

A partir del desarrollo realizado en este Trabajo de Fin de Grado, se plantean varias
ĺıneas de mejora y ampliación que podŕıan abordarse en trabajos posteriores. Estas se
enfocan en optimizar el funcionamiento del sistema y facilitar su reproducción por parte
de otros usuarios.
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5 Conclusiones 5.2 Ĺıneas de futuro

En primer lugar, aunque el sistema actual proporciona datos funcionales en la medición
del ı́ndice ultravioleta, seŕıa recomendable incorporar sensores más precisos o implementar
algoritmos de corrección que utilicen datos externos, como los ofrecidos por satélites o
estaciones meteorológicas oficiales. Esto permitiŕıa mejorar la fiabilidad y utilidad de las
mediciones, especialmente en aplicaciones más exigentes.

Por otro lado, seŕıa importante realizar una calibración adecuada del anemómetro.
Actualmente, el sensor entrega valores de la velocidad de giro del anemómetro y no de la
velocidad real del viento. Llevar a cabo una calibración en condiciones controladas, como
en un túnel de viento o mediante comparación con instrumentos certificados, permitiŕıa
obtener datos más precisos de velocidad del viento y aumentar la calidad del sistema.

Por último, se considera muy útil la elaboración de un manual completo que detalle el
proceso de fabricación, configuración y uso del dispositivo, ya que este proyecto se plantea
como una iniciativa escalable que permita la implementación de múltiples estaciones me-
teorológicas similares en distintos centros educativos de una misma ciudad. El objetivo es
crear una red de monitoreo ambiental distribuida que facilite la identificación de distintos
factores ambientales, como pueden ser islas de calor, microclimas urbanos y corredores de
viento.
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This documentation is licensed under a Creative Commons Attribution-NoDerivatives 4.0 International (CC BY-ND).
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build-version: eec2b0c-clean

Legal disclaimer notice

TECHNICAL AND RELIABILITY DATA FOR RASPBERRY PI PRODUCTS (INCLUDING DATASHEETS) AS MODIFIED FROM

TIME TO TIME ("RESOURCES") ARE PROVIDED BY RASPBERRY PI LTD ("RPL") "AS IS" AND ANY EXPRESS OR IMPLIED

WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

FOR A PARTICULAR PURPOSE ARE DISCLAIMED. TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW IN NO

EVENT SHALL RPL BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL

DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,

DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER

IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF

THE USE OF THE RESOURCES, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

RPL reserves the right to make any enhancements, improvements, corrections or any other modifications to the

RESOURCES or any products described in them at any time and without further notice.

The RESOURCES are intended for skilled users with suitable levels of design knowledge. Users are solely responsible for

their selection and use of the RESOURCES and any application of the products described in them. User agrees to

indemnify and hold RPL harmless against all liabilities, costs, damages or other losses arising out of their use of the

RESOURCES.

RPL grants users permission to use the RESOURCES solely in conjunction with the Raspberry Pi products. All other use

of the RESOURCES is prohibited. No licence is granted to any other RPL or other third party intellectual property right.

HIGH RISK ACTIVITIES. Raspberry Pi products are not designed, manufactured or intended for use in hazardous

environments requiring fail safe performance, such as in the operation of nuclear facilities, aircraft navigation or

communication systems, air traffic control, weapons systems or safety-critical applications (including life support

systems and other medical devices), in which the failure of the products could lead directly to death, personal injury or

severe physical or environmental damage ("High Risk Activities"). RPL specifically disclaims any express or implied

warranty of fitness for High Risk Activities and accepts no liability for use or inclusions of Raspberry Pi products in High

Risk Activities.

Raspberry Pi products are provided subject to RPL’s Standard Terms. RPL’s provision of the RESOURCES does not

expand or otherwise modify RPL’s Standard Terms including but not limited to the disclaimers and warranties

expressed in them.
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Chapter 1. About Raspberry Pi Pico
W
Raspberry Pi Pico W is a microcontroller board based on the Raspberry Pi RP2040 microcontroller chip.

Figure 1. The

Raspberry Pi Pico W

Rev3 board.

Raspberry Pi Pico W has been designed to be a low cost yet flexible development platform for RP2040, with a 2.4GHz

wireless interface and the following key features:

• RP2040 microcontroller with 2MB of flash memory

• On-board single-band 2.4GHz wireless interfaces (802.11n, Bluetooth 5.2)

◦ Support for Bluetooth LE Central and Peripheral roles

◦ Support for Bluetooth Classic

• Micro USB B port for power and data (and for reprogramming the flash)

• 40-pin 21mm×51mm 'DIP' style 1mm thick PCB with 0.1" through-hole pins also with edge castellations

◦ Exposes 26 multi-function 3.3V general purpose I/O (GPIO)

◦ 23 GPIO are digital-only, with three also being ADC capable

◦ Can be surface-mounted as a module

• 3-pin Arm serial wire debug (SWD) port

• Simple yet highly flexible power supply architecture

◦ Various options for easily powering the unit from micro USB, external supplies or batteries

• High quality, low cost, high availability

• Comprehensive SDK, software examples and documentation

For full details of the RP2040 microcontroller please see the RP2040 Datasheet book. Key features include:

• Dual-core cortex M0+ at up to 133MHz
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◦ On-chip PLL allows variable core frequency

• 264kB multi-bank high performance SRAM

• External Quad-SPI flash with eXecute In Place (XIP) and 16kB on-chip cache

• High performance full-crossbar bus fabric

• On-board USB1.1 (device or host)

• 30 multi-function general purpose I/O (four can be used for ADC)

◦ 1.8-3.3V I/O voltage

• 12-bit 500ksps analogue to digital converter (ADC)

• Various digital peripherals

◦ 2 × UART, 2 × I2C, 2 × SPI, 16 × PWM channels

◦ 1 × timer with 4 alarms, 1 × real time clock

• 2 × programmable I/O (PIO) blocks, 8 state machines in total

◦ Flexible, user-programmable high-speed I/O

◦ Can emulate interfaces such as SD card and VGA

 NOTE

Raspberry Pi Pico W I/O voltage is fixed at 3.3V

Raspberry Pi Pico W provides a minimal yet flexible external circuitry to support the RP2040 chip: flash memory

(Winbond W25Q16JV), crystal (Abracon ABM8-272-T3), power supplies and decoupling, and USB connector. The

majority of the RP2040 microcontroller pins are brought to the user I/O pins on the left and right edge of the board. Four

RP2040 I/O are used for internal functions: driving an LED, on-board switch mode power supply (SMPS) power control,

and sensing the system voltages.

Pico W has an on-board 2.4GHz wireless interface using an Infineon CYW43439. The antenna is an onboard antenna

licensed from ABRACON (formerly ProAnt). The wireless interface is connected via SPI to the RP2040.

Pico W has been designed to use either soldered 0.1-inch pin-headers (it is one 0.1-inch pitch wider than a standard 40-

pin DIP package), or to be positioned as a surface-mountable 'module', as the user I/O pins are also castellated. There

are SMT pads underneath the USB connector and BOOTSEL button, which allow these signals to be accessed if used as

a reflow-soldered SMT module.
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Figure 2. The pinout of

the Pico W Rev3 board

Raspberry Pi Pico W uses an on-board buck-boost SMPS which is able to generate the required 3.3V (to power RP2040

and external circuitry) from a wide range of input voltages (~1.8 to 5.5V). This allows significant flexibility in powering

the unit from various sources, such as a single lithium-ion cell, or three AA cells in series. Battery chargers can also be

very easily integrated with the Pico W powerchain.

Reprogramming the Pico W flash can be done using USB (simply drag and drop a file onto the Pico W, which appears as

a mass storage device), or the standard serial wire debug (SWD) port can reset the system and load and run code

without any button presses. The SWD port can also be used to interactively debug code running on the RP2040.

Getting started with Pico W

The Getting started with Raspberry Pi Pico-series book walks through loading programs onto the

board, and shows how to install the C/C++ SDK and build the example C programs. See the Raspberry

Pi Pico-series Python SDK book to get started with MicroPython, which is the fastest way to get code

running on Pico W.

1.1. Raspberry Pi Pico W design files

The source design files, including the schematic and PCB layout, are made available openly except for the antenna. The

Niche™ antenna is an Abracon/Proant patented antenna technology. Please contact niche@abracon.com for

information on licensing.

Schematic The schematic is reproduced in Appendix B. The schematic is also distributed alongside the

layout files.

Layout The CAD files, including PCB layout, can be found here. Note that Pico W was designed in

Cadence Allegro PCB Editor, and opening in other PCB CAD packages will require an import script

or plugin.
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STEP 3D A STEP 3D model of Raspberry Pi Pico W, for 3D visualisation and fit-check of designs which

include Pico W as a module, can be found here.

Fritzing A Fritzing part for use in e.g. breadboard layouts can be found here.

Permission to use, copy, modify, and/or distribute this design for any purpose with or without fee is hereby granted.

THE DESIGN IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS DESIGN

INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE

LIABLE FOR ANY SPECIAL, DIRECT, INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER

RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR

OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS DESIGN.
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Chapter 2. Mechanical specification
The Pico W is a single sided 51mm × 21mm × 1mm PCB with a micro USB port overhanging the top edge, and dual

castellated/through-hole pins around the two long edges. The onboard wireless antenna is located on the bottom edge.

To avoid detuning the antenna, no material should intrude into this space. Pico W is designed to be usable as a surface-

mount module as well as presenting a dual inline package (DIP) format, with the 40 main user pins on a 2.54mm (0.1")

pitch grid with 1mm holes, compatible with veroboard and breadboard. Pico W also has four 2.1mm (± 0.05mm) drilled

mounting holes to provide for mechanical fixing(see Figure 3).

Figure 3. The

dimensions of the

Pico W

2.1. Pico W pinout

The Pico W pinout has been designed to directly bring out as much of the RP2040 GPIO and internal circuitry function

as possible, while also providing a suitable number of ground pins to reduce electro-magnetic interference (EMI) and

signal crosstalk. RP2040 is built on a modern 40nm silicon process, so its digital I/O edge rates are very fast.
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Figure 4. The pin

numbering of the Pico

W

 NOTE

The physical pin numbering is shown in Figure 4. For pin allocation see Figure 2, or the full Pico W schematics in

Appendix B.

A few RP2040 GPIO pins are used for internal board functions:

GPIO29 OP/IP wireless SPI CLK/ADC mode (ADC3) to measure VSYS/3

GPIO25 OP wireless SPI CS - when high also enables GPIO29 ADC pin to read VSYS

GPIO24 OP/IP wireless SPI data/IRQ

GPIO23 OP wireless power on signal

WL_GPIO2 IP VBUS sense - high if VBUS is present, else low

WL_GPIO1 OP controls the on-board SMPS power save pin (Section 3.4)

WL_GPIO0 OP connected to user LED

Apart from GPIO and ground pins, there are seven other pins on the main 40-pin interface:

PIN40 VBUS

PIN39 VSYS

PIN37 3V3_EN

PIN36 3V3

PIN35 ADC_VREF

PIN33 AGND
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PIN30 RUN

VBUS is the micro-USB input voltage, connected to micro-USB port pin 1. This is nominally 5V (or 0V if the USB is not

connected or not powered).

VSYS is the main system input voltage, which can vary in the allowed range 1.8V to 5.5V, and is used by the on-board

SMPS to generate the 3.3V for the RP2040 and its GPIO.

3V3_EN connects to the on-board SMPS enable pin, and is pulled high (to VSYS) via a 100kΩ resistor. To disable the

3.3V (which also de-powers the RP2040), short this pin low.

3V3 is the main 3.3V supply to RP2040 and its I/O, generated by the on-board SMPS. This pin can be used to power

external circuitry (maximum output current will depend on RP2040 load and VSYS voltage; it is recommended to keep

the load on this pin under 300mA).

ADC_VREF is the ADC power supply (and reference) voltage, and is generated on Pico W by filtering the 3.3V supply.

This pin can be used with an external reference if better ADC performance is required.

AGND is the ground reference for GPIO26-29. There is a separate analogue ground plane running under these signals

and terminating at this pin. If the ADC is not used or ADC performance is not critical, this pin can be connected to digital

ground.

RUN is the RP2040 enable pin, and has an internal (on-chip) pull-up resistor to 3.3V of about ~50kΩ. To reset RP2040,

short this pin low.

Finally, there are also six test points (TP1-TP6), which can be accessed if required, for example if using as a surface-

mount module. These are:

TP1 Ground (close-coupled ground for differential USB signals)

TP2 USB DM

TP3 USB DP

TP4 WL_GPIO1/SMPS PS pin (do not use)

TP5 WL_GPIO0/LED (not recommended to be used)

TP6 BOOTSEL

TP1, TP2 and TP3 can be used to access USB signals instead of using the micro-USB port. TP6 can be used to drive the

system into mass-storage USB programming mode (by shorting it low at power-up). Note that TP4 is not intended to be

used externally, and TP5 is not really recommended to be used as it will only swing from 0V to the LED forward voltage

(and hence can only really be used as an output with special care).

2.2. Surface-mount footprint

The following footprint (Figure 5) is recommended for systems which will be reflow-soldering Pico W units as modules.
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Figure 5. The SMT

footprint of the Pico W

Rev3 board.

The footprint shows the test point locations and pad sizes as well as the 4 USB connector shell ground pads (A,B,C,D).

The USB connector on Pico W is a through-hole part, which provides it with mechanical strength. The USB socket pins

do not protrude all the way through the board, however solder does pool at these pads during manufacture and can stop

the module sitting completely flat. Hence we provide pads on the SMT module footprint to allow this solder to reflow in

a controlled manner when Pico W goes through reflow again.

For test points that are not used, it is acceptable to void any copper under these (with suitable clearance) on the carrier

board.

Through trials with customers, we have determined that the paste stencil must be bigger than the footprint. Over-

pasting the pads ensures the best possible results when soldering. The following paste stencil (Figure 6) indicates the

dimensions of solder paste zones on the Pico W. We recommend paste zones 163% larger than the footprint.
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Figure 6. The paste

stencil of the

Raspberry Pi Pico W

Rev3 board.
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2.2.1. Keep-out area

There is a cutout for the antenna (14mm × 9mm). If anything is placed close to the antenna (in any dimension) the

effectiveness of the antenna is reduced. Raspberry Pi Pico W should be placed on the edge of a board and not enclosed

in metal to avoid creating a Faraday cage. Adding ground to the sides of the antenna improves the performance slightly.
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Figure 7. Surface-

mount and

throughhole footprint

for attaching to

Raspberry Pi Pico W
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2.3. Recommended operating conditions

Operating conditions for the Pico W are largely a function of the operating conditions specified by its components.

Operating Temp Max 70°C (including self-heating)

Operating Temp Min -20°C

VBUS 5V ± 10%.

VSYS Min 1.8V

VSYS Max 5.5V

Note that VBUS and VSYS current will depend on use-case, some examples are given in the next section.

Recommended maximum ambient temperature of operation is 70°C.
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Chapter 3. Applications information

3.1. Programming the flash

The on-board 2MB QSPI flash can be (re)programmed either using the serial wire debug port or by the special USB mass

storage device mode.

The simplest way to reprogram the Pico W’s flash is to use the USB mode. To do this, power-down the board, then hold

the BOOTSEL button down during board power-up (e.g. hold BOOTSEL down while connecting the USB). The Pico W will

then appear as a USB mass storage device. Dragging a special '.uf2' file onto the disk will write this file to the flash and

restart the Pico W.

The USB boot code is stored in ROM on RP2040, so can not be accidentally overwritten.

To get started using the SWD port see the Debugging with SWD section in the Getting started with Raspberry Pi Pico-

series book.

3.2. General purpose I/O

The Pico W’s GPIO is powered from the on-board 3.3V rail, and is fixed at 3.3V.

Pico W exposes 26 of the 30 possible RP2040 GPIO pins by routing them straight out to Pico W header pins. GPIO0 to

GPIO22 are digital only, and GPIO 26-28 can be used either as digital GPIO or as ADC inputs (software selectable).

GPIO 26-29 are ADC-capable and have an internal reverse diode to the VDDIO (3.3V) rail, so the input voltage must not

exceed VDDIO plus about 300mV. If the RP2040 is unpowered, applying a voltage to these GPIO pins will 'leak' through

the diode into the VDDIO rail. GPIO pins 0-25 (and the debug pins) do not have this restriction and therefore voltage can

safely be applied to these pins when RP2040 is unpowered up to 3.3V.

3.3. Using the ADC

The RP2040 ADC does not have an on-chip reference; it uses its own power supply as a reference. On Pico W the

ADC_AVDD pin (the ADC supply) is generated from the SMPS 3.3V by using an R-C filter (201Ω into 2.2μF).

1. This solution relies on the 3.3V SMPS output accuracy

2. Some PSU noise will not be filtered

3. The ADC draws current (about 150μA if the temperature sense diode is disabled, which can vary between chips);

there will be an inherent offset of about 150μA*200 = ~30mV. There is a small difference in current draw when the

ADC is sampling (about +20μA), so that offset will also vary with sampling as well as operating temperature.

Changing the resistance between the ADC_VREF and 3.3V pin can reduce the offset at the expense of more noise, which

is helpful if the use case can support averaging over multiple samples.

Driving the SMPS mode pin (WL_GPIO1) high forces the power supply into PWM mode. This can greatly reduce the

inherent ripple of the SMPS at light load, and therefore reduces the ripple on the ADC supply. This does reduce the

power efficiency of the Pico W at light load, so at the end of an ADC conversion PFM mode can be re-enabled by driving

WL_GPIO1 low once more. See Section 3.4.

The ADC offset can be reduced by tying a second channel of the ADC to ground, and using this zero measurement as an

approximation to the offset.

For much improved ADC performance, an external 3.0V shunt reference, such as LM4040, can be connected from the
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ADC_VREF pin to ground. Note that if doing this the ADC range is limited to 0V - 3.0V signals (rather than 0V - 3.3V), and

the shunt reference will draw continuous current through the 200Ω filter resistor (3.3V - 3.0V)/200 = ~1.5mA.

Note that the 1Ω resistor on Pico W (R9) is designed to help with shunt references that would otherwise become

unstable when directly connected to 2.2μF. It also ensures there is filtering even in the case that 3.3V and ADC_VREF

are shorted together (which users who are tolerant to noise and want to reduce the inherent offset may wish to do).

R7 is a physically large 1608 metric (0603) package resistor, so can be removed easily if a user wants to isolate

ADC_VREF and make their own changes to the ADC voltage, for example powering it from an entirely separate voltage

(e.g. 2.5V). Note that the ADC on RP2040 has only been qualified at 3.0/3.3V, but should work down to about 2V.

3.4. Powerchain

Pico W has been designed with a simple yet flexible power supply architecture and can easily be powered from other

sources such as batteries or external supplies. Integrating the Pico W with external charging circuits is also

straightforward. Figure 8 shows the power supply circuitry.

PS=0: PFM mode (default, best efficiency)
PS=1: PWM mode (improved ripple but much
        worse efficiency at light loads)

VBUS VSYS
3V3

W L_GPIO 2

W L_GPIO 1

TP1

R2
100 K

1%
M0 60 3

50 mW

L1

1u

C1
47u

6.3V

20 %

M2012

X5R

R10
10K

1%
M0 60 3

50 mW

U2

RT6154AGQ W

VINA
1

G
N

D
2

FB
3

VO UTa
4

VO UTb
5

L
X

2
a

6

L
X

2
b

7

L
X

1b
8

L
X

1a
9

VIN10
10

VIN11
11

EN
12

PS/SYNC
13

PGOO D
14

P
G

N
D

15
R20
100 K

1%
M0 60 3

50 mW

C20
100 n

6.3V

10%

M0 60 3

X5R

TP4

C2
47u

6.3V

20 %

M2012

X5R

D1

MBR120VLS FT1G

2 1
R21
560 K

1%
M0 60 3

50 mWTP3

J1

690 -005 -298 -48 6

1
2
3
4
5

6 7
8 9

TP2 C21
47u

6.3V

20 %

M2012

X5R

R8
100 K

1%
M0 60 3

50 mW

R1
10K

1%
M0 60 3

50 mW

USB_DM
USB_DP

3V3_E N

Figure 8. The

powerchain of the

Pico W Rev3 board.

VBUS is the 5V input from the micro-USB port, which is fed through a Schottky diode to generate VSYS. The VBUS to

VSYS diode (D1) adds flexibility by allowing power ORing of different supplies into VSYS.

VSYS is the main system 'input voltage' and feeds the RT6154 buck-boost SMPS, which generates a fixed 3.3V output

for the RP2040 device and its I/O (and can be used to power external circuitry). VSYS divided by 3 (by R5, R6 in the Pico

W schematic) and can be monitored on ADC channel 3 when a wireless transmission isn’t in progress. This can be used

for example as a crude battery voltage monitor.

The buck-boost SMPS, as its name implies, can seamlessly switch from buck to boost mode, and therefore can

maintain an output voltage of 3.3V from a wide range of input voltages, ~1.8V to 5.5V, which allows a lot of flexibility in

the choice of power source.

WL_GPIO2 monitors the existence of VBUS, while R10 and R1 act to pull VBUS down to make sure it is 0V if VBUS is not

present.

WL_GPIO1 controls the RT6154 PS (power save) pin. When PS is low (the default on Pico W) the regulator is in pulse

frequency modulation (PFM) mode, which, at light loads, saves considerable power by only turning on the switching

MOSFETs occasionally to keep the output capacitor topped up. Setting PS high forces the regulator into pulse width

modulation (PWM) mode. PWM mode forces the SMPS to switch continuously, which reduces the output ripple

considerably at light loads (which can be good for some use cases) but at the expense of much worse efficiency. Note

that under heavy load the SMPS will be in PWM mode irrespective of the PS pin state.

The SMPS EN pin is pulled up to VSYS by a 100kΩ resistor and made available on Pico W pin 37. Shorting this pin to

ground will disable the SMPS and put it into a low power state.
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 NOTE

The RP2040 has an on-chip linear regulator (LDO) that powers the digital core at 1.1V (nominal) from the 3.3V

supply, which is not shown in Figure 8.

3.5. Powering Raspberry Pi Pico W

The simplest way to power Pico W is to plug in the micro-USB, which will power VSYS (and therefore the system) from

the 5V USB VBUS voltage, via D1 (so VSYS becomes VBUS minus the Schottky diode drop).

If the USB port is the only power source, VSYS and VBUS can be safely shorted together to eliminate the Schottky diode

drop (which improves efficiency and reduces ripple on VSYS).

If the USB port is not going to be used, it is safe to power Pico W by connecting VSYS to your preferred power source (in

the range ~1.8V to 5.5V).

 IMPORTANT

If you are using Pico W in USB host mode (e.g. using one of the TinyUSB host examples) then you must power Pico

W by providing 5V to the VBUS pin.

The simplest way to safely add a second power source to Pico W is to feed it into VSYS via another Schottky diode (see

Figure 9). This will 'OR' the two voltages, allowing the higher of either the external voltage or VBUS to power VSYS, with

the diodes preventing either supply from back-powering the other. For example a single Lithium-Ion cell* (cell voltage

~3.0V to 4.2V) will work well, as will three AA series cells (~3.0V to ~4.8V) and any other fixed supply in the range

~2.3V to 5.5V. The downside of this approach is that the second power supply will suffer a diode drop in the same way

as VBUS does, and this may not be desirable from an efficiency perspective or if the source is already close to the lower

range of input voltage allowed for the RT6154.
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2 1
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V
D

Feed VSYS pin f rom 
external supply (V) via 
Schotty diode (D)

Figure 9. Pico W

power ORing using

diodes.

An improved way to power from a second source is using a P-channel MOSFET (P-FET) to replace the Schottky diode as

shown in Figure 10. Here, the gate of the FET is controlled by VBUS, and will disconnect the secondary source when

VBUS is present. The P-FET should be chosen to have low on resistance, and therefore overcomes the efficiency and
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voltage-drop issues with the diode-only solution.

Note that the Vt (threshold voltage) of the P-FET must be chosen to be well below the minimum external input voltage,

to make sure the P-FET is turned on swiftly and with low resistance. When the input VBUS is removed, the P-FET will not

start to turn on until VBUS drops below the P-FET’s Vt, meanwhile the body diode of the P-FET may start to conduct

(depending on whether Vt is smaller than the diode drop). For inputs that have a low minimum input voltage, or if the P-

FET gate is expected to change slowly (e.g. if any capacitance is added to VBUS) a secondary Schottky diode across

the P-FET (in the same direction as the body diode) is recommended. This will reduce the voltage drop across the P-

FET’s body diode.

An example of a suitable P-MOSFET for most situations is Diodes DMG2305UX which has a maximum Vt of 0.9V and

Ron of 100mΩ (at 2.5V Vgs).
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3V3_E N

V

Feed VSYS pin f rom 
external supply (V) 
via P-channel 
MOSFET

Figure 10. Pico W

power ORing using P

channel MOSFET.

 CAUTION

If using Lithium-Ion cells they must have, or be provided with, adequate protection against over-discharge, over-

charge, charging outside allowed temperature range, and overcurrent. Bare, unprotected cells are dangerous and can

catch fire or explode if over-discharged, over-charged or charged / discharged outside their allowed temperature

and/or current range.

3.6. Using a battery charger

Pico W can also be used with a battery charger. Although this is a slightly more complex use case it is still

straightforward. Figure 11 shows an example of using a 'power path' type charger (where the charger seamlessly

manages swapping between powering from battery or powering from the input source and charging the battery, as

needed).
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Figure 11. Using Pico

W with a charger.

In the example we feed VBUS to the input of the charger, and we feed VSYS with the output via the previously mentioned

P-FET arrangement. Depending on your use case you may also want to add a Schottky diode across the P-FET as

described in the previous section.

3.7. USB

RP2040 has an integrated USB1.1 PHY and controller which can be used in both device and host mode. Pico W adds the

two required 27Ω external resistors and brings this interface to a standard micro-USB port.

The USB port can be used to access the USB bootloader (BOOTSEL mode) stored in the RP2040 boot ROM. It can also

be used by user code, to access an external USB device or host.

3.8. Wireless interface

Pico W contains an on-board 2.4GHz wireless interface using the Infineon CYW43439, which has the following features:

• WiFi 4 (802.11n), Single-band (2.4 GHz)

• WPA3

• SoftAP (Up to 4 clients)

• Bluetooth 5.2

◦ Support for Bluetooth LE Central and Peripheral roles

◦ Support for Bluetooth Classic

The antenna is an onboard antenna licensed from ABRACON (formerly ProAnt). The wireless interface is connected via

SPI to the RP2040.

Due to pin limitations, some of the wireless interface pins are shared. The CLK is shared with VSYS monitor, so only

when there isn’t an SPI transaction in progress can VSYS be read via the ADC. The Infineon CYW43439 DIN/DOUT and

IRQ all share one pin on the RP2040. Only when an SPI transaction isn’t in progress is it suitable to check for IRQs. The
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interface typically runs at 33MHz.

For best wireless performance, the antenna should be in free space. For instance, putting metal under or close by the

antenna can reduce its performance both in terms of gain and bandwidth. Adding grounded metal to the sides of the

antenna can improve the antenna’s bandwidth.

There are three GPIO pins from the CYW43439 that are used for other board functions and can easily be accessed via

the SDK:

WL_GPIO2

IP VBUS sense - high if VBUS is present, else low

WL_GPIO1

OP controls the on-board SMPS power save pin (Section 3.4)

WL_GPIO0

OP connected to user LED

 NOTE

Full details of the Infineon CYW43439 can be found on the Infineon website.

3.9. Debugging

Pico W brings the RP2040 serial wire debug (SWD) interface to a three-pin debug header. To get started using the debug

port see the Debugging with SWD section in the Getting started with Raspberry Pi Pico-series book.

 NOTE

The RP2040 chip has internal pull-up resistors on the SWDIO and SWCLK pins, both nominally 60kΩ.
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Appendix A: Availability
Raspberry Pi guarantee availability of the Raspberry Pi Pico W product until at least January 2028.

Support

For support see the Pico section of the Raspberry Pi website, and post questions on the Raspberry Pi forum.

Ordering code

Table 1. Part Number
Model Order Code EAN Minimal Order

Quantity

RRP

Raspberry Pi Pico W SCO918 5056561803173 1+ pcs / Bulk US$6.00

Raspberry Pi Pico WH SCO919 5056561800196 1+ pcs / Bulk US$7.00

 NOTE

RRP was correct at time of publication and excludes taxes.
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Appendix B: Pico W schematic
Figure 12. The Pico W

Rev3 board schematic.
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Figure 13. The Pico W

Rev3 board schematic.
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Appendix C: Pico W component
locations

Figure 14. The Pico W

Rev3 board

component locations.
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Documentation Release History

15 October 2024

• Corrected minor typos and formatting issues.

• Switched back to separate release histories per PDF.

02 May 2024

• Corrected minor typos and formatting issues.

02 Feb 2024

• Corrected minor typos and formatting issues.

• Updated ROSC register information.

• Updated to include the new recommended part number for crystals used with RP2040.

• Added new paste stencil information for Pico and Pico W.

14 Jun 2023

• Corrected minor typos and formatting issues.

• Updated instructions for the 1.5.1 release of the Raspberry Pi Pico C SDK.

• Added documentation around Bluetooth support for Raspberry Pi Pico W.

03 Mar 2023

• Corrected minor typos and formatting issues.

• Corrected SMT footprint of Raspberry Pi Pico W.

• Updated instructions for the 1.5.0 release of the Raspberry Pi Pico C SDK.

• Added errata E15.

• Added package marking specifications.

• Added RP2040 baseline power consumption figures.

• Added antenna keep out diagram.

01 Dec 2022

• Corrected minor typos and formatting issues.

• Added RP2040 availability information.
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• Added RP2040 storage conditions and thermal characteristics.

• Replaced SDK library documentation with links to the online version.

• Updated picoprobe build and usage instructions.

30 Jun 2022

• Initial release.

• Corrected minor typos and formatting issues.

• Update to VGA board hardware description for launch of Raspberry Pi Pico W.
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BME280 
Digital humidity, pressure and temperature sensor 
 

Key features 
• Package  2.5 mm x 2.5 mm x 0.93 mm metal lid LGA 
• Digital interface I²C (up to 3.4 MHz) and SPI (3 and 4 wire, up to 10 MHz)  
• Supply voltage  VDD main supply voltage range: 1.71 V to 3.6 V 

VDDIO interface voltage range: 1.2 V to 3.6 V 
• Current consumption 1.8 µA @ 1 Hz humidity and temperature  

2.8 µA @ 1 Hz pressure and temperature  
3.6 µA @ 1 Hz humidity, pressure and temperature  
0.1 µA in sleep mode 

• Operating range -40…+85 °C, 0…100 % rel. humidity, 300…1100 hPa 
• Humidity sensor and pressure sensor can be independently enabled / disabled 
• Register and performance compatible to Bosch Sensortec BMP280 digital pressure sensor  
• RoHS compliant, halogen-free, MSL1 

Key parameters for humidity sensor  
• Response time (𝜏𝜏63%) 1 s 
• Accuracy tolerance  ±3 % relative humidity 
• Hysteresis ±1% relative humidity 

Key parameters for pressure sensor  
• RMS Noise 0.2 Pa, equiv. to 1.7 cm 
• Offset temperature coefficient ±1.5 Pa/K, equiv. to ±12.6 cm at 1 °C temperature change 

Typical application 
• Context awareness, e.g. skin detection, room change detection 
• Fitness monitoring / well-being 

• Warning regarding dryness or high temperatures 
• Measurement of volume and air flow 

• Home automation control   
• control heating, venting, air conditioning (HVAC) 

• Internet of things 
• GPS enhancement (e.g. time-to-first-fix improvement, dead reckoning, slope detection) 
• Indoor navigation (change of floor detection, elevator detection) 
• Outdoor navigation, leisure and sports applications 
• Weather forecast 
• Vertical velocity indication (rise/sink speed) 

Target devices 
• Handsets such as mobile phones, tablet PCs, GPS devices 
• Navigation systems 
• Gaming, e.g flying toys  
• Camera (DSC, video) 
• Home weather stations 
• Flying toys  
• Watches 
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General Description 
 
The BME280 is as combined digital humidity, pressure and temperature sensor based on proven 
sensing principles. The sensor module is housed in an extremely compact metal-lid LGA package with 
a footprint of only 2.5 × 2.5 mm² with a height of 0.93 mm. Its small dimensions and its low power 
consumption allow the implementation in battery driven devices such as handsets, GPS modules or 
watches. The BME280 is register and performance compatible to the Bosch Sensortec BMP280 digital 
pressure sensor (see chapter 5.2 for details).  
 
The BME280 achieves high performance in all applications requiring humidity and pressure 
measurement. These emerging applications of home automation control, in-door navigation, fitness as 
well as GPS refinement require a high accuracy and a low TCO at the same time. 
 
The humidity sensor provides an extremely fast response time for fast context awareness applications 
and high overall accuracy over a wide temperature range.  
 
The pressure sensor is an absolute barometric pressure sensor with extremely high accuracy and 
resolution and drastically lower noise than the Bosch Sensortec BMP180.  
 
The integrated temperature sensor has been optimized for lowest noise and highest resolution. Its 
output is used for temperature compensation of the pressure and humidity sensors and can also be 
used for estimation of the ambient temperature.  
 
The sensor provides both SPI and I²C interfaces and can be supplied using 1.71 to 3.6 V for the 
sensor supply VDD and 1.2 to 3.6 V for the interface supply VDDIO. Measurements can be triggered by 
the host or performed in regular intervals. When the sensor is disabled, current consumption drops to 
0.1 µA.  
 
BME280 can be operated in three power modes (see chapter 3.3): 
 

• sleep mode 
• normal mode 
• forced mode 

 
In order to tailor data rate, noise, response time and current consumption to the needs of the user, a 
variety of oversampling modes, filter modes and data rates can be selected.  
 
Please contact your regional Bosch Sensortec partner for more information about software packages. 
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1. Specification 

If not stated otherwise,  
• All values are valid over the full voltage range 
• All minimum/maximum values are given for the full accuracy temperature range 
• Minimum/maximum values of drifts, offsets and temperature coefficients are ±3σ values over 

lifetime 
• Typical values of drifts, offsets and temperature coefficients are ±1σ values over lifetime 
• Typical values of currents and state machine timings are determined at 25 °C 
• Minimum/maximum values of currents are determined using corner lots over complete 

temperature range 
• Minimum/maximum values of state machine timings are determined using corner lots over 

0…+65 °C temperature range 
 
The specification tables are split into humidity, pressure, and temperature part of BME280. 

1.1 General electrical specification 

Table 1: Electrical parameter specification 

Parameter Symbol Condition Min Typ Max Unit 
Supply Voltage 
Internal Domains 

VDD ripple max. 50 mVpp 1.71 1.8 3.6 V 

Supply Voltage 
I/O Domain 

VDDIO  1.2 1.8 3.6 V 

Sleep current IDDSL  
 

 0.1 0.3 µA 

Standby current 
(inactive period of 
normal mode) 

IDDSB  
 

 0.2 0.5 µA 

Current during 
humidity 
measurement 

IDDH Max value at 85 °C  340  µA 

Current during 
pressure 
measurement 

IDDP Max value at -40 °C  714  µA 

Current during 
temperature 
measurement 

IDDT Max value at 85 °C  350  µA 

Start-up time tstartup Time to first 
communication after 

both VDD > 1.58 V 
and VDDIO > 0.65 V 

  2 ms 

Power supply 
rejection ratio (DC) 

PSRR full VDD range   ±0.01 
±5 

%RH/V 
Pa/V 

Standby time 
accuracy 

Δtstandby   ±5 ±25 % 
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1.2 Humidity parameter specification 

Table 2: Humidity parameter specification 

Parameter Symbol Condition Min Typ Max Unit 

Operating range1 RH For temperatures 
< 0 °C and > 60 °C 

see Figure 1 

-40 25 85 °C 

0  100 %RH 

Supply current IDD,H 1 Hz forced mode,  
humidity and 
temperature 

 1.8 2.8 µA 

Absolute accuracy 
tolerance 

AH 20…80 %RH, 
25 °C, including 

hysteresis 

 ±3  %RH 

Hysteresis2 HH 109010 %RH, 
25 °C 

 ±1  %RH 

Nonlinearity3 NLH 1090 %RH, 25 °C  1  %RH 

Response time to 
complete 63% of step4 

𝜏𝜏63% 900 or 090 %RH, 
25°C 

 1  s 

Resolution RH   0.008  %RH 

Noise in humidity (RMS) NH Highest oversampling, 
see chapter 3.6 

 0.02  %RH 

Long term stability ∆Hstab  10…90 %RH, 25 °C  0.5  %RH/
year 

 
1  When exceeding the operating range (e.g. for soldering), humidity sensing performance is temporarily degraded and 
reconditioning is recommended as described in section 7.8. Operating range only for non-condensing environment. 
2 For hysteresis measurement the sequence 103050709070503010 %RH is used. The hysteresis is defined as 
the difference between measurements of the humidity up / down branch and the averaged curve of both branches 
3 Non-linear contributions to the sensor data are corrected during the calculation of the relative humidity by the compensation 
formulas described in section 4.2.3. 
4 The air-flow in direction to the vent-hole of the device has to be dimensioned in a way that a sufficient air exchange inside to 
outside will be possible. To observe effects on the response time-scale of the device an air-flow velocity of approx. 1 m/s is 
needed. 
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Figure 1: humidity sensor operating range 

1.3 Pressure sensor specification 

Table 3: Pressure parameter specification 

Parameter Symbol Condition Min Typ Max Unit 

Operating temperature 
range 

TA operational -40 25 +85 °C 

full accuracy 0  +65 

Operating pressure 
range 

P full accuracy 300  1100 hPa 

Supply current IDD,LP 1 Hz forced mode,  
pressure and 

temperature, lowest 
power 

 2.8 4.2 µA 
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Temperature coefficient 
of offset5 

TCOP 25…65 °C, 900 hPa  ±1.5  Pa/K 

 ±12.6  cm/K 

Absolute accuracy 
pressure 

APext 300. . 1100 hPa 
-20 . . . 0 °C 

 ±1.7  hPa 

AP,full 300 . . .  1100 hPa 
0 . . . 65 °C 

 ±1.0  hPa 

AP 1100 . . .  1250 hPa 
25 . . . 40 °C 

 ±1.5  hPa 

Relative accuracy 
pressure 

VDD = 3.3V 

Arel 700 … 900hPa 
25 . . . 40 °C 

 ±0.12  hPa 

Resolution of 
pressure output data  

RP Highest oversampling  0.18  Pa 

Noise in pressure NP,fullBW Full bandwidth, 
highest oversampling 

See chapter 3.6 

 1.3  Pa 

 11  cm 

NP,filtered Reduced bandwidth, 
highest oversampling 

See chapter 3.6 

 0.2  Pa 

 1.7  cm 

Solder drift  Minimum solder height 
50µm 

-0.5  +2.0 hPa 

Long term stability6 ∆Pstab per year  ±1.0  hPa 

Possible sampling rate fsample_P Lowest oversampling, 
see chapter 9.2 

157 182  Hz 

 

1.4 Temperature sensor specification 

Table 4: Temperature parameter specification 

Parameter Symbol Condition Min Typ Max Unit 

Operating range T Operational -40 25 85 °C 

Full accuracy 0  65 °C 

Supply current IDD,T 1 Hz forced mode, 
temperature 

measurement only 

 1.0  µA 

AT,25 25 °C  ±0.5  °C 

 
5 When changing temperature by e.g. 10 °C at constant pressure / altitude, the measured pressure / altitude will change by (10 × 
TCOP).  
6 Long term stability is specified in the full accuracy operating pressure range 0 … 65 °C 
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Absolute accuracy 
temperature7 

AT,full 0…65 °C  ±0.5  °C 

AT,ext8 -20 …. 0 °C  ±1.25  °C 

AT,ext9 -40 … -20 °C  ±1.5  °C 

Output resolution RT API output resolution 0.01 °C 

RMS noise NT Lowest oversampling  0.005  °C 

 
  

 
7 Temperature measured by the internal temperature sensor. This temperature value depends on the PCB temperature, sensor 
element self-heating and ambient temperature and is typically above ambient temperature.  
8 Target values & not guaranteed 
9 Target values & not guaranteed 
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2. Absolute maximum ratings 

The absolute maximum ratings are determined over complete temperature range using corner lots. 
The values are provided in Table 5.  

Table 5: Absolute maximum ratings 

Parameter Condition Min Max Unit 

Voltage at any supply pin VDD and VDDIO pin -0.3 4.25 V 
Voltage at any interface pin  -0.3 VDDIO + 0.3 V 

Storage temperature ≤ 65% RH -45 +85 °C 

Pressure  0 20 000 hPa 

ESD HBM, at any pin  ±2 kV 

CDM  ±500 V 

Machine model  ±200 V 
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3. Functional description 
3.1 Block diagram 
Figure 2 shows a simplified block diagram of the BME280: 
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Figure 2: Block diagram of BME280 

3.2 Power management 
The BME280 has two distinct power supply pins  

• VDD is the main power supply for all internal analog and digital functional blocks 
• VDDIO is a separate power supply pin used for the supply of the digital interface 

 
A power-on reset (POR) generator is built in; it resets the logic part and the register values after both 
VDD and VDDIO reach their minimum levels. There are no limitations on slope and sequence of raising 
the VDD and VDDIO levels. After powering up, the sensor settles in sleep mode (described in chapter 
3.3.2).  
 
It is prohibited to keep any interface pin (SDI, SDO, SCK or CSB) at a logical high level when VDDIO is 
switched off. Such a configuration can permanently damage the device due an excessive current flow 
through the ESD protection diodes.  
 
If VDDIO is supplied, but VDD is not, the interface pins are kept at a high-Z level. The bus can therefore 
already be used freely before the BME280 VDD supply is established.  
 
Resetting the sensor is possible by cycling VDD level or by writing a soft reset command. Cycling the 
VDDIO level will not cause a reset.  

3.3 Sensor modes 
The BME280 offers three sensor modes: sleep mode, forced mode and normal mode. These can be 
selected using the mode[1:0] setting (see chapter 5.4.5). The available modes are:  
 

• Sleep mode: no operation, all registers accessible, lowest power, selected after startup 
• Forced mode: perform one measurement, store results and return to sleep mode 
• Normal mode: perpetual cycling of measurements and inactive periods.  
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The modes will be explained in detail in chapters 3.3.2 (sleep mode), 3.3.3 (forced mode) and 3.3.4 
(normal mode).  

3.3.1 Sensor mode transitions 
The supported mode transitions are shown in Figure 3. If the device is currently performing a 
measurement, execution of mode switching commands is delayed until the end of the currently 
running measurement period. Further mode change commands or other write commands to the 
register ctrl_hum are ignored until the mode change command has been executed. Mode transitions 
other than the ones shown below are tested for stability but do not represent recommended use of the 
device.  
 

Power OFF
(VDD or VDDIO = 0)

VDD and VDDIO 
supplied

Mode[1:0] = 00

Mode[1:0] = 01

Sleep

Normal
(cyclic standby and 

measurement periods)

Mode[1:0] = 11

Forced
(one measurement 

period)

Mode[1:0] = 01

 
Figure 3: Sensor mode transition diagram 

3.3.2 Sleep mode 
Sleep mode is entered by default after power on reset. In sleep mode, no measurements are 
performed and power consumption (IDDSM) is at a minimum. All registers are accessible; Chip-ID and 
compensation coefficients can be read. There are no special restrictions on interface timings.  

3.3.3 Forced mode 
In forced mode, a single measurement is performed in accordance to the selected measurement and 
filter options. When the measurement is finished, the sensor returns to sleep mode and the 
measurement results can be obtained from the data registers. For a next measurement, forced mode 
needs to be selected again. This is similar to BMP180 operation. Using forced mode is recommended 
for applications which require low sampling rate or host-based synchronization. The timing diagram is 
shown below. 
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Figure 4: Forced mode timing diagram 

3.3.4 Normal mode 
Normal mode comprises an automated perpetual cycling between an (active) measurement period 
and an (inactive) standby period.  
The measurements are performed in accordance to the selected measurement and filter options. The 
standby time is determined by the setting t_sb[2:0] and can be set to between 0.5 and 1000 ms 
according to Table 27.  
The total cycle time depends on the sum of the active time (see chapter 9) and standby time tstandby. 
The current in the standby period (IDDSB) is slightly higher than in sleep mode. After setting the 
measurement and filter options and enabling normal mode, the last measurement results can always 
be obtained at the data registers without the need of further write accesses.  
Using normal mode is recommended when using the IIR filter. This is useful for applications in which 
short-term disturbances (e.g. blowing into the sensor) should be filtered. The timing diagram is shown 
below:  
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Figure 5: Normal mode timing diagram 
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3.4 Measurement flow 
The BME280 measurement period consists of a temperature, pressure and humidity measurement 
with selectable oversampling. After the measurement period, the pressure and temperature data can 
be passed through an optional IIR filter, which removes short-term fluctuations in pressure (e.g. 
caused by slamming a door). For humidity, such a filter is not needed and has not been implemented. 
The flow is depicted in the diagram below.  

Measure temperature 
(oversampling set by osrs_t;

skip if osrs_t = 0)

Start
measurement cycle

Measure pressure 
(oversampling set by osrs_p;

skip if osrs_p = 0)

IIR filter enabled?

End 
measurement cycle

IIR filter initialised?
Copy ADC values
to filter memory

(initalises IIR filter)
No

Update filter memory using 
filter memory, ADC value 

and filter coefficient

No

Yes

Yes

Copy filter memory 
to output registers

Measure humidity 
(oversampling set by osrs_h;

skip if osrs_h = 0)

 
Figure 6: BME280 measurement cycle 

The individual blocks of the diagram above will be detailed in the following subchapters. 

3.4.1 Humidity measurement 
The humidity measurement can be enabled or skipped. When enabled, several oversampling options 
exist. The humidity measurement is controlled by the osrs_h[2:0] setting, which is detailed in chapter 
5.4.3. For the humidity measurement, oversampling is possible to reduce the noise. The resolution of 
the humidity measurement is fixed at 16 bit ADC output. 

3.4.2 Pressure measurement 
Pressure measurement can be enabled or skipped. When enabled, several oversampling options 
exist. The pressure measurement is controlled by the osrs_p[2:0] setting which is detailed in chapter 
5.4.5. For the pressure measurement, oversampling is possible to reduce the noise. The resolution of 
the pressure data depends on the IIR filter (see chapter 3.4.4) and the oversampling setting (see 
chapter 5.4.5):  

• When the IIR filter is enabled, the pressure resolution is 20 bit.  
• When the IIR filter is disabled, the pressure resolution is 16 + (osrs_p – 1) bit, e.g. 18 bit when 

osrs_p is set to ‘3’. 

3.4.3 Temperature measurement 
Temperature measurement can be enabled or skipped. Skipping the measurement could be useful to 
measure pressure extremely rapidly. When enabled, several oversampling options exist. The 
temperature measurement is controlled by the osrs_t[2:0] setting which is detailed in chapter 5.4.5. 
For the temperature measurement, oversampling is possible to reduce the noise.  
The resolution of the temperature data depends on the IIR filter (see chapter 3.4.4) and the 
oversampling setting (see chapter 5.4.5):  

• When the IIR filter is enabled, the temperature resolution is 20 bit.  
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• When the IIR filter is disabled, the temperature  resolution is 16 + (osrs_t – 1) bit, e.g. 18 bit 
when osrs_t is set to ‘3’. 

3.4.4 IIR filter 
The humidity value inside the sensor does not fluctuate rapidly and does not require low pass filtering. 
However, the environmental pressure is subject to many short-term changes, caused e.g. by 
slamming of a door or window, or wind blowing into the sensor. To suppress these disturbances in the 
output data without causing additional interface traffic and processor work load, the BME280 features 
an internal IIR filter. It effectively reduces the bandwidth of the temperature and pressure output 
signals10 and increases the resolution of the pressure and temperature output data to 20 bit. The 
output of a next measurement step is filtered using the following formula: 

 
data_filtered =

data_filtered_old ⋅ (filter_coefficient − 1) + data_ADC
filter_coefficient  

 
Data_filtered_old is the data coming from the current filter memory, and data_ADC is the data coming 
from current ADC acquisition. Data_filtered is the new value of filter memory and the value that will be 
sent to the output registers.  
 
The IIR filter can be configured to different filter coefficients, which slows down the response to the 
sensor inputs. Note that the response time with enabled IIR filter depends on the number of samples 
generated, which means that the data output rate must be known to calculate the actual response 
time. For register configuration, please refer to Table 28. A sample response time calculation is shown 
in chapter 9.4. 

Table 6: filter settings 

Filter coefficient Samples to reach ≥75 % 
 of step response 

Filter off 1 

2 2 

4 5 

8 11 

16 22 

 
In order to find a suitable setting for filter, please consult chapter 3.5.  
 
When writing to the register filter, the filter is reset. The next ADC values will the pass through the filter 
unchanged and become the initial memory values for the filter. If temperature or pressure 
measurements are skipped, the corresponding filter memory will be kept unchanged even though the 
output registers are set to 0x80000. When the previously skipped measurement is re-enabled, the 
output will be filtered using the filter memory from the last time when the measurement was not 
skipped. If this is not desired, please write to the filter register in order to re-initialize the filter.  
 

 
10 Since the BME280 does not sample continuously, filtering can suffer from signals with a frequency higher than the sampling 
rate of the sensor. E.g. environmental fluctuations caused by windows being opened and closed might have a frequency <5 Hz. 
Consequently, a sampling rate of ODR = 10 Hz is sufficient to obey the Nyquist theorem. 
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The step response (e.g. response to in sudden change in height) of the different filter settings is 
displayed in Figure 7.  

 
Figure 7: Step response at different IIR filter settings 

3.5 Recommended modes of operation 
The different oversampling options, filter settings and sensor modes result in a large number of 
possible settings. In this chapter, a number of settings recommended for various scenarios are 
presented.  

3.5.1 Weather monitoring 
Description: Only a very low data rate is needed. Power consumption is minimal. Noise of pressure 
values is of no concern. Humidity, pressure and temperature are monitored.  

Table 7: Settings and performance for weather monitoring 

Suggested settings for weather monitoring 
Sensor mode forced mode, 1 sample / minute 
Oversampling settings pressure ×1, temperature ×1, humidity ×1 
IIR filter settings filter off 

Performance for suggested settings 
Current consumption 0.16 µA 
RMS Noise 3.3 Pa / 30 cm, 0.07 %RH 
Data output rate 1/60 Hz 

 

3.5.2 Humidity sensing 
Description: A low data rate is needed. Power consumption is minimal. Forced mode is used to 
minimize power consumption and to synchronize readout, but using normal mode would also be 
possible.  
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Table 8: Settings and performance for humidity sensing 

Suggested settings for weather monitoring 
Sensor mode forced mode, 1 sample / second 
Oversampling settings pressure ×0, temperature ×1, humidity ×1 
IIR filter settings filter off 

Performance for suggested settings 
Current consumption 2.9 µA 
RMS Noise 0.07 %RH 
Data output rate 1 Hz 

 

3.5.3 Indoor navigation  
Lowest possible altitude noise is needed. A very low bandwidth is preferred. Increased power 
consumption is tolerated. Humidity is measured to help detect room changes. This setting is 
suggested for the Android settings ‘SENSOR_DELAY_NORMAL’ and ‘SENSOR_DELAY_UI’. 

Table 9: Settings and performance for indoor navigation 

Suggested settings for indoor navigation 
Sensor mode normal mode, tstandby = 0.5 ms 
Oversampling settings pressure ×16, temperature ×2, humidity ×1 
IIR filter settings filter coefficient 16 

Performance for suggested settings 
Current consumption 633 µA 
RMS Noise 0.2 Pa / 1.7 cm 
Data output rate 25Hz 
Filter bandwidth 0.53 Hz 
Response time (75%) 0.9 s 

 

3.5.4 Gaming 
Low altitude noise is needed. The required bandwidth is ~2 Hz in order to respond quickly to altitude 
changes (e.g. be able to dodge a flying monster in a game). Increased power consumption is 
tolerated. Humidity sensor is disabled. This setting is suggested for the Android settings 
‘SENSOR_DELAY_GAMING’ and ‘SENSOR_DELAY_FASTEST’. 
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Table 10: Settings and performance for gaming 

Suggested settings for gaming 
Sensor mode normal mode, tstandby = 0.5 ms 
Oversampling settings pressure ×4, temperature ×1, humidity ×0 
IIR filter settings filter coefficient 16 

Performance for suggested settings 
Current consumption 581 µA 
RMS Noise 0.3 Pa / 2.5 cm  
Data output rate 83 Hz 
Filter bandwidth 1.75 Hz 
Response time (75%) 0.3 s 

 

3.6 Noise 
The noise depends on the oversampling and, for pressure and temperature, on the filter setting used. 
The stated values were determined in a controlled environment and are based on the average 
standard deviation of 32 consecutive measurement points taken at highest sampling speed. This is 
needed in order to exclude long term drifts from the noise measurement. The noise depends both on 
humidity/pressure oversampling and temperature oversampling, since the temperature value is used 
for humidity/pressure temperature compensation. The oversampling combinations use below results in 
an optimal power to noise ratio.  

Table 11: Noise and current for humidity  

Humidity / temperature 
oversampling setting 

Typical RMS noise in 
humidity [%RH] at 25 °C 

Typ. current [µA] at 1 Hz forced 
mode, 25 °C, humidity and 

temperature measurement, incl. 
IDDSM 

×1 / ×1 0.07 1.8 

×2 / ×1 0.05 2.5 

×4 / ×1 0.04 3.8 

×8 / ×1 0.03 6.5 

×16 / ×1 0.02 11.7 
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Table 12: Noise and current for pressure 

Typical RMS noise in pressure [Pa] at 25 °C Typ. current [µA] at 1 Hz forced 
mode, 25 °C, pressure and 

temperature measurement, incl. 
IDDSM 

Pressure / temperature 
oversampling setting 

IIR filter coefficient 

off 2 4 8 16 

×1 / ×1 3.3 1.9 1.2 0.9 0.4 2.8 

×2 / ×1 2.6 1.5 1.0 0.6 0.4 4.2 

×4 / ×1 2.1 1.2 0.8 0.5 0.3 7.1 

×8 / ×1 1.6 1.0 0.6 0.4 0.2 12.8 

×16 / ×2 1.3 0.8 0.5 0.4 0.2 24.9 

 

Table 13: Temperature dependence of pressure noise 

RMS noise at different temperatures 

Temperature Typical change in noise 
compared to 25 °C 

-10 °C +25 % 

25 °C ±0 % 

75 °C -5 % 

 

Table 14: Noise in temperature  

Temperature 
oversampling setting 

Typical RMS noise in 
temperature [°C] at 25 °C 

×1 0.005 

×2 0.004 

×4 0.003 

×8 0.003 

×16 0.002 
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4. Data readout 

To read out data after a conversion, it is strongly recommended to use a burst read and not address 
every register individually. This will prevent a possible mix-up of bytes belonging to different 
measurements and reduce interface traffic. Note that in I²C mode, even when pressure was not 
measured, reading the unused registers is faster than reading temperature and humidity data 
separately.  
Data readout is done by starting a burst read from 0xF7 to 0xFC (temperature and pressure) or from 
0xF7 to 0xFE (temperature, pressure and humidity). The data are read out in an unsigned 20-bit 
format both for pressure and for temperature and in an unsigned 16-bit format for humidity. It is 
strongly recommended to use the BME280 API, available from Bosch Sensortec, for readout and 
compensation. For details on memory map and interfaces, please consult chapters 5 and 6 
respectively.  
 
After the uncompensated values for pressure, temperature and humidity ‘ut’, ‘up’ and ‘uh’ have been 
read, the actual humidity, pressure and temperature needs to be calculated using the compensation 
parameters stored in the device. The procedure is elaborated in chapter 4.2.  

4.1 Data register shadowing 
In normal mode, the timing of measurements is not necessarily synchronized to the readout by the 
user. This means that new measurement results may become available while the user is reading the 
results from the previous measurement. In this case, shadowing is performed in order to guarantee 
data consistency. Shadowing will only work if all data registers are read in a single burst read. 
Therefore, the user must use burst reads if he does not synchronize data readout with the 
measurement cycle. Using several independent read commands may result in inconsistent data.  
If a new measurement is finished and the data registers are still being read, the new measurement 
results are transferred into shadow data registers. The content of shadow registers is transferred into 
data registers as soon as the user ends the burst read, even if not all data registers were read.  
The end of the burst read is marked by the rising edge of CSB pin in SPI case or by the recognition of 
a stop condition in I2C case. After the end of the burst read, all user data registers are updated at 
once.  

4.2 Output compensation 
The BME280 output consists of the ADC output values. However, each sensing element behaves 
differently. Therefore, the actual pressure and temperature must be calculated using a set of 
calibration parameters. In this chapter, the method to read out the trimming values will be given. The 
recommended calculation uses fixed point arithmetic and is given in chapter 4.2.3. 
In high-level languages like Matlab™ or LabVIEW™, fixed-point code may not be well supported. In 
this case the floating-point code in appendix 8.1 can be used as an alternative. 
For 8-bit micro controllers, the variable size may be limited. In this case a simplified 32 bit integer code 
with reduced accuracy is given in appendix 8.2.  

4.2.1 Computational requirements 
In the table below an overview is given for the number of clock cycles needed for compensation on a 
32 bit Cortex-M3 micro controller with GCC optimization level -O2. This controller does not feature a 
floating point unit, thus all floating-point calculations are emulated. Floating point is only recommended 
for PC application, where an FPU is present and these calculations are performed drastically faster.  
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Table 15: Computational requirements for compensation formulas 

Compensation of Number of clocks (ARM Cortex-M3) 

32 bit integer 64 bit integer Double precision 

Humidity ~83 –  ~2900 11 

Temperature ~46 –  ~2400 11 

Pressure ~112 12 ~1400 ~5400 11 

 

4.2.2 Trimming parameter readout 
The trimming parameters are programmed into the devices’ non-volatile memory (NVM) during 
production and cannot be altered by the customer. Each compensation word is a 16-bit signed or 
unsigned integer value stored in two’s complement. As the memory is organized into 8-bit words, two 
words must always be combined in order to represent the compensation word. The 8-bit registers are 
named calib00…calib41 and are stored at memory addresses 0x88…0xA1 and 0xE1…0xE7. The 
corresponding compensation words are named dig_T# for temperature compensation related values, 
dig_P# for pressure related values and dig_H# for humidity related values. The mapping is seen in 
Table 16.  

Table 16: Compensation parameter storage, naming and data type 

Register Address Register content Data type 

0x88 / 0x89 dig_T1 [7:0] / [15:8] unsigned short 

0x8A / 0x8B  dig_T2 [7:0] / [15:8] signed short 

0x8C / 0x8D dig_T3 [7:0] / [15:8] signed short 

0x8E / 0x8F dig_P1 [7:0] / [15:8] unsigned short 

0x90 / 0x91 dig_P2 [7:0] / [15:8] signed short 

0x92 / 0x93 dig_P3 [7:0] / [15:8] signed short 

0x94 / 0x95 dig_P4 [7:0] / [15:8] signed short 

0x96 / 0x97 dig_P5 [7:0] / [15:8] signed short 

0x98 / 0x99 dig_P6 [7:0] / [15:8] signed short 

0x9A / 0x9B dig_P7 [7:0] / [15:8] signed short 

0x9C / 0x9D dig_P8 [7:0] / [15:8] signed short 

0x9E / 0x9F dig_P9 [7:0] / [15:8] signed short 

0xA1 dig_H1 [7:0] unsigned char 

0xE1 / 0xE2 dig_H2 [7:0] / [15:8] signed short 

0xE3 dig_H3 [7:0] unsigned char 

0xE4 / 0xE5[3:0] dig_H4 [11:4] / [3:0] signed short 

0xE5[7:4] / 0xE6 dig_H5 [3:0] / [11:4] signed short 

 
11 Use only recommended for high-level programming languages like Matlab™ or LabVIEW™ 
12 Use only recommended for 8-bit micro controllers 
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0xE7 dig_H6 signed char  

4.2.3 Compensation formulas 
Please note that it is strongly advised to use the API available from Bosch Sensortec to perform 
readout and compensation. If this is not wanted, the code below can be applied at the user’s risk. Both 
pressure and temperature values are expected to be received in 20 bit format, positive, stored in a 32 
bit signed integer. Humidity is expected to be received in 16 bit format, positive, stored in a 32 bit 
signed integer.  
The variable t_fine (signed 32 bit) carries a fine resolution temperature value over to the pressure and 
humidity compensation formula and could be implemented as a global variable.  
The data type “BME280_S32_t” should define a 32 bit signed integer variable type and can usually be 
defined as “long signed int”.  
The data type “BME280_U32_t” should define a 32 bit unsigned integer variable type and can usually 
be defined as “long unsigned int”.  
For best possible calculation accuracy in pressure, 64 bit integer support is needed. If this is not 
possible on your platform, please see appendix 8.2 for a 32 bit alternative.  
The data type “BME280_S64_t” should define a 64 bit signed integer variable type, which on most 
supporting platforms can be defined as “long long signed int”. The revision of the code is rev.1.1. 
 
// Returns temperature in DegC, resolution is 0.01 DegC. Output value of “5123” equals 51.23 
DegC.  
// t_fine carries fine temperature as global value 
BME280_S32_t t_fine; 
BME280_S32_t BME280_compensate_T_int32(BME280_S32_t adc_T) 
{ 
 BME280_S32_t var1, var2, T; 
 var1  = ((((adc_T>>3) – ((BME280_S32_t)dig_T1<<1))) * ((BME280_S32_t)dig_T2)) >> 11; 
 var2  = (((((adc_T>>4) – ((BME280_S32_t)dig_T1)) * ((adc_T>>4) – ((BME280_S32_t)dig_T1))) 
>> 12) *  
  ((BME280_S32_t)dig_T3)) >> 14; 
 t_fine = var1 + var2; 
 T  = (t_fine * 5 + 128) >> 8; 
 return T; 
} 
 
// Returns pressure in Pa as unsigned 32 bit integer in Q24.8 format (24 integer bits and 8 
fractional bits). 
// Output value of “24674867” represents 24674867/256 = 96386.2 Pa = 963.862 hPa 
BME280_U32_t BME280_compensate_P_int64(BME280_S32_t adc_P) 
{ 
 BME280_S64_t var1, var2, p; 
 var1 = ((BME280_S64_t)t_fine) – 128000; 
 var2 = var1 * var1 * (BME280_S64_t)dig_P6; 
 var2 = var2 + ((var1*(BME280_S64_t)dig_P5)<<17); 
 var2 = var2 + (((BME280_S64_t)dig_P4)<<35); 
 var1 = ((var1 * var1 * (BME280_S64_t)dig_P3)>>8) + ((var1 * (BME280_S64_t)dig_P2)<<12); 
 var1 = (((((BME280_S64_t)1)<<47)+var1))*((BME280_S64_t)dig_P1)>>33; 
 if (var1 == 0) 
 { 
  return 0; // avoid exception caused by division by zero 
 } 
 p = 1048576-adc_P; 
 p = (((p<<31)-var2)*3125)/var1; 
 var1 = (((BME280_S64_t)dig_P9) * (p>>13) * (p>>13)) >> 25; 
 var2 = (((BME280_S64_t)dig_P8) * p) >> 19; 
 p = ((p + var1 + var2) >> 8) + (((BME280_S64_t)dig_P7)<<4); 
 return (BME280_U32_t)p; 
} 
 
// Returns humidity in %RH as unsigned 32 bit integer in Q22.10 format (22 integer and 10 
fractional bits). 
// Output value of “47445” represents 47445/1024 = 46.333 %RH 
BME280_U32_t bme280_compensate_H_int32(BME280_S32_t adc_H) 
{ 
 BME280_S32_t v_x1_u32r; 
  
 v_x1_u32r = (t_fine – ((BME280_S32_t)76800)); 
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 v_x1_u32r = (((((adc_H << 14) – (((BME280_S32_t)dig_H4) << 20) – (((BME280_S32_t)dig_H5) * 
v_x1_u32r)) + ((BME280_S32_t)16384)) >> 15) * (((((((v_x1_u32r * 
((BME280_S32_t)dig_H6)) >> 10) * (((v_x1_u32r * ((BME280_S32_t)dig_H3)) >> 11) + 
((BME280_S32_t)32768))) >> 10) + ((BME280_S32_t)2097152)) * ((BME280_S32_t)dig_H2) + 
8192) >> 14)); 

 v_x1_u32r = (v_x1_u32r – (((((v_x1_u32r >> 15) * (v_x1_u32r >> 15)) >> 7) * 
((BME280_S32_t)dig_H1)) >> 4)); 

 v_x1_u32r = (v_x1_u32r < 0 ? 0 : v_x1_u32r);  
 v_x1_u32r = (v_x1_u32r > 419430400 ? 419430400 : v_x1_u32r);  
 return (BME280_U32_t)(v_x1_u32r>>12); 
} 
 
 

5. Global memory map and register description  
5.1 General remarks 
The entire communication with the device is performed by reading from and writing to registers. 
Registers have a width of 8 bits. There are several registers which are reserved; they should not be 
written to and no specific value is guaranteed when they are read. For details on the interface, consult 
chapter 6.  

5.2 Register compatibility to BMP280 
The BME280 is downward register compatible to the BMP280, which means that the pressure and 
temperature control and readout is identical to BMP280. However, the following exceptions have to be 
considered:  

Table 17: Register incompatibilities between BMP280 and BME280 

Register Bits Content BMP280 BME280 

0xD0 “id” 7:0 chip_id Read value is 
0x56 / 0x57 (samples) 

0x58 (mass production) 

Read value is 0x60 

0xF5 “config” 7:5 t_sb ‘110’: 2000 ms 
‘111’: 4000 ms 

‘110’: 10 ms 
‘111’: 20 ms 

0xF7…0xF9 “press” 19:0 press Resolution (16…20 bit) 
depends only on osrs_p 

Without filter, resolution depends on 
osrs_p; when using filter, resolution 

is always 20 bit 
0xFA…0xFC “temp” 19:0 temp Resolution (16…20 bit) 

only depends on osrs_t 
Without filter, resolution depends on 
osrs_t; when using filter, resolution is 

always 20 bit 
 

5.3 Memory map 
The memory map is given in Table 18 below. Reserved registers are not shown.  
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Table 18: Memory map 

Register Name Address  bit7  bit6  bit5  bit4  bit3  bit2  bit1  bit0 Reset
state

hum_lsb 0xFE 0x00
hum_msb 0xFD 0x80
temp_xlsb 0xFC 0 0 0 0 0x00
temp_lsb 0xFB 0x00

temp_msb 0xFA 0x80
press_xlsb 0xF9 0 0 0 0 0x00
press_lsb 0xF8 0x00

press_msb 0xF7 0x80
config 0xF5 spi3w_en[0] 0x00

ctrl_meas 0xF4 0x00
status 0xF3 measuring[0] im_update[0] 0x00

ctrl_hum 0xF2 0x00
calib26..calib41 0xE1…0xF0 individual

reset 0xE0 0x00
id 0xD0 0x60

calib00..calib25 0x88…0xA1 individual

Registers:  Reserved
registers

Calibration 
data

Control
registers

Data
registers

Status
registers Chip ID Reset

Type:  do not 
change read only read / write read only read only read only write only

hum_lsb<7:0>

press_lsb<7:0>
press_msb<7:0>

mode[1:0]
t_sb[2:0]

press_xlsb<7:4>

temp_xlsb<7:4>
temp_lsb<7:0>

temp_msb<7:0>

calibration data
chip_id[7:0]

osrs_h[2:0]

hum_msb<7:0>

calibration data
reset[7:0]

osrs_p[2:0]
filter[2:0]

osrs_t[2:0]

 
 

5.4 Register description 
5.4.1 Register 0xD0 “id” 
The “id” register contains the chip identification number chip_id[7:0], which is 0x60. This number can 
be read as soon as the device finished the power-on-reset.  

5.4.2 Register 0xE0 “reset” 
The “reset” register contains the soft reset word reset[7:0]. If the value 0xB6 is written to the register, 
the device is reset using the complete power-on-reset procedure. Writing other values than 0xB6 has 
no effect. The readout value is always 0x00.  

5.4.3 Register 0xF2 “ctrl_hum” 
The “ctrl_hum” register sets the humidity data acquisition options of the device. Changes to this 
register only become effective after a write operation to “ctrl_meas”.  

A Hojas de datos A.2 Hoja de datos sensor BME280

114 Mario Acevedo Eustaquio



 

 

Bosch Sensortec | BME280 Data sheet 28 | 60 

Modifications reserved | Data subject to change without notice  Document number: BST-BME280-DS001-23 Revision_1.23_012022 

Table 19: Register 0xF2 “ctrl_hum” 

Register 0xF2 
“ctrl_hum” 

Name Description 

Bit 2, 1, 0 osrs_h[2:0] Controls oversampling of humidity data. See Table 
20 for settings and chapter 3.4.1 for details. 

Table 20: register settings osrs_h 

osrs_h[2:0] Humidity oversampling 

000 Skipped (output set to 0x8000) 

001 oversampling ×1 

010 oversampling ×2 

011 oversampling ×4 

100 oversampling ×8 

101, others oversampling ×16 

 

5.4.4 Register 0xF3 “status” 
The “status” register contains two bits which indicate the status of the device.  

Table 21: Register 0xF3 “status” 

Register 0xF3 
“status” 

Name Description 

Bit 3 measuring[0] Automatically set to ‘1’ whenever a conversion is 
running and back to ‘0’ when the results have been 

transferred to the data registers. 
Bit 0 im_update[0] Automatically set to ‘1’ when the NVM data are being 

copied to image registers and back to ‘0’ when the 
copying is done. The data are copied at power-on-

reset and before every conversion. 
 

5.4.5 Register 0xF4 “ctrl_meas” 
The “ctrl_meas” register sets the pressure and temperature data acquisition options of the device. The 
register needs to be written after changing “ctrl_hum” for the changes to become effective.  
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Table 22: Register 0xF4 “ctrl_meas” 

Register 0xF4 
“ctrl_meas” 

Name Description 

Bit 7, 6, 5 osrs_t[2:0] Controls oversampling of temperature data. See 
Table 24 for settings and chapter 3.4.3 for details. 

Bit 4, 3, 2 osrs_p[2:0] Controls oversampling of pressure data. See 
Table 23 for settings and chapter 3.4.2 for details. 

Bit 1, 0 mode[1:0] Controls the sensor mode of the device. See Table 
25 for settings and chapter 3.3 for details. 

Table 23: register settings osrs_p 

osrs_p[2:0] Pressure oversampling 

000 Skipped (output set to 0x80000) 

001 oversampling ×1 

010 oversampling ×2 

011 oversampling ×4 

100 oversampling ×8 

101, others oversampling ×16 

 

Table 24: register settings osrs_t 

osrs_t[2:0] Temperature oversampling 

000 Skipped (output set to 0x80000) 

001 oversampling ×1 

010 oversampling ×2 

011 oversampling ×4 

100 oversampling ×8 

101, others oversampling ×16 

 

Table 25: register settings mode 

mode[1:0] Mode 

00 Sleep mode 

01 and 10 Forced mode  

11 Normal mode 
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5.4.6 Register 0xF5 “config” 
The “config” register sets the rate, filter and interface options of the device. Writes to the “config” 
register in normal mode may be ignored. In sleep mode writes are not ignored. 

Table 26: Register 0xF5 “config” 

Register 0xF5 
“config” 

Name Description 

Bit 7, 6, 5 t_sb[2:0] Controls inactive duration tstandby in normal mode. 
See Table 27 for settings and chapter 3.3.4 for 

details. 
Bit 4, 3, 2 filter[2:0] Controls the time constant of the IIR filter. See Table 

27 for settings and chapter 3.4.4 for details. 
Bit 0 spi3w_en[0] Enables 3-wire SPI interface when set to ‘1’. See 

chapter 6.3 for details. 

Table 27: t_sb settings 

t_sb[2:0] tstandby [ms] 

000 0.5 

001 62.5 

010 125 

011 250 

100 500 

101 1000 

110 10 

111 20 

Table 28: filter settings 

filter[2:0] Filter coefficient 

000 Filter off 

001 2 

010 4 

011 8 

100, others 16 

 

5.4.7 Register 0xF7…0xF9 “press” (_msb, _lsb, _xlsb) 
The “press” register contains the raw pressure measurement output data up[19:0]. For details on how 
to read out the pressure and temperature information from the device, please consult chapter 4.  
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Table 29: Register 0xF7 … 0xF9 “press” 

Register 0xF7…0xF9 
“press” 

Name Description 

0xF7 press_msb[7:0] Contains the MSB part up[19:12] of the raw pressure 
measurement output data. 

0xF8 press_lsb[7:0] Contains the LSB part up[11:4] of the raw pressure 
measurement output data. 

0xF9 (bit 7, 6, 5, 4) press_xlsb[3:0] Contains the XLSB part up[3:0] of the raw pressure 
measurement output data. Contents depend on 

temperature resolution.  
 

5.4.8 Register 0xFA…0xFC “temp” (_msb, _lsb, _xlsb) 
The “temp” register contains the raw temperature measurement output data ut[19:0]. For details on 
how to read out the pressure and temperature information from the device, please consult chapter 4.  

Table 30: Register 0xFA … 0xFC “temp” 

Register 0xFA…0xFC 
“temp” 

Name Description 

0xFA temp_msb[7:0] Contains the MSB part ut[19:12] of the raw 
temperature measurement output data. 

0xFB temp_lsb[7:0] Contains the LSB part ut[11:4] of the raw 
temperature measurement output data. 

0xFC (bit 7, 6, 5, 4) temp_xlsb[3:0] Contains the XLSB part ut[3:0] of the raw 
temperature measurement output data. Contents 

depend on pressure resolution.  
 

5.4.9 Register 0xFD…0xFE “hum” (_msb, _lsb) 
The “temp” register contains the raw temperature measurement output data ut[19:0]. For details on 
how to read out the pressure and temperature information from the device, please consult chapter 4.  

Table 31: Register 0xFD … 0xFE “hum” 

Register 0xFD…0xFE 
“hum” 

Name Description 

0xFD hum_msb[7:0] Contains the MSB part uh[15:8] of the raw humidity 
measurement output data. 

0xFE temp_lsb[7:0] Contains the LSB part uh[7:0] of the raw humidity 
measurement output data. 
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6. Digital interfaces 
The BME280 supports the I²C and SPI digital interfaces; it acts as a slave for both protocols. The I²C 
interface supports the Standard, Fast and High Speed modes. The SPI interface supports both SPI 
mode ‘00’ (CPOL = CPHA = ‘0’) and mode ‘11’ (CPOL = CPHA = ‘1’) in 4-wire and 3-wire configuration.  
 
The following transactions are supported:  

• Single byte write 
• multiple byte write (using pairs of register addresses and register data) 
• single byte read 
• multiple byte read (using a single register address which is auto-incremented) 

6.1 Interface selection 
Interface selection is done automatically based on CSB (chip select) status. If CSB is connected to 
VDDIO, the I²C interface is active. If CSB is pulled down, the SPI interface is activated. After CSB has 
been pulled down once (regardless of whether any clock cycle occurred), the I²C interface is disabled 
until the next power-on-reset. This is done in order to avoid inadvertently decoding SPI traffic to 
another slave as I²C data. Since the device startup is deferred until both VDD and VDDIO are 
established, there is no risk of incorrect protocol detection because of the power-up sequence used. 
However, if I²C is to be used and CSB is not directly connected to VDDIO but is instead connected to a 
programmable pin, it must be ensured that this pin already outputs the VDDIO level during power-on-
reset of the device. If this is not the case, the device will be locked in SPI mode and not respond to I²C 
commands.  

6.2 I²C Interface 
The I²C slave interface is compatible with Philips I²C Specification version 2.1. For detailed timings, 
please review Table 33. All modes (standard, fast, high speed) are supported. SDA and SCL are not 
pure open-drain. Both pads contain ESD protection diodes to VDDIO and GND. As the devices does 
not perform clock stretching, the SCL structure is a high-Z input without drain capability. 
 

 

Figure 8: SDI/SCK ESD drawing 
 
The 7-bit device address is 111011x. The 6 MSB bits are fixed. The last bit is changeable by SDO 
value and can be changed during operation. Connecting SDO to GND results in slave address 
1110110 (0x76); connection it to VDDIO results in slave address 1110111 (0x77), which is the same as 
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BMP280’s I²C address. The SDO pin cannot be left floating; if left floating, the I²C address will be 
undefined.  
 
The I²C interface uses the following pins: 

• SCK: serial clock (SCL)  
• SDI: data (SDA) 
• SDO: Slave address LSB (GND = ‘0’, VDDIO = ‘1’) 

 
CSB must be connected to VDDIO to select I²C interface. SDI is bi-directional with open drain to GND: it 
must be externally connected to VDDIO via a pull up resistor. Refer to chapter 7 for connection 
instructions.  
The following abbreviations will be used in the I²C protocol figures: 

• S  Start 
• P  Stop 
• ACKS  Acknowledge by slave 
• ACKM  Acknowledge by master 
• NACKM Not acknowledge by master 

 

6.2.1 I²C write 
Writing is done by sending the slave address in write mode (RW = ‘0’), resulting in slave address 
111011X0 (‘X’ is determined by state of SDO pin. Then the master sends pairs of register addresses 
and register data. The transaction is ended by a stop condition. This is depicted in Figure 9.  

 

Start RW ACKS ACKS ACKS

1 1 1 0 1 1 X 0 1 0 1 0 0 0 0 0 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 …

ACKS ACKS Stop

… 1 0 1 0 0 0 0 1 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Register data -  address A0hRegister address (A0h)

Register address (A1h)

S

Slave Address

Control byte Data byte

Control byte Data byte

P

Register data -  address A1h

 
Figure 9: I²C multiple byte write (not auto-incremented) 

6.2.2 I²C read 
To be able to read registers, first the register address must be sent in write mode (slave address 
111011X0). Then either a stop or a repeated start condition must be generated. After this the slave is 
addressed in read mode (RW = ‘1’) at address 111011X1, after which the slave sends out data from 
auto-incremented register addresses until a NOACKM and stop condition occurs. This is depicted in 
Figure 10, where register 0xF6 and 0xF7 are read.  

 

Start RW ACKS ACKS

1 1 1 0 1 1 X 0 1 1 1 1 0 1 1 0

Start RW ACKS ACKM NOACKM Stop

1 1 1 0 1 1 X 1 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Control byte

Data byte Data byte

Register address (F6h)

S

Slave Address

PS

Slave Address Register data - address F7hRegister data - address F6h

 
Figure 10: I²C multiple byte read 
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6.3 SPI interface 
The SPI interface is compatible with SPI mode ‘00’ (CPOL = CPHA = ‘0’) and mode ‘11’ (CPOL = 
CPHA = ‘1’). The automatic selection between mode ‘00’ and ‘11’ is determined by the value of SCK 
after the CSB falling edge.  
The SPI interface has two modes: 4-wire and 3-wire. The protocol is the same for both. The 3-wire 
mode is selected by setting ‘1’ to the register spi3w_en. The pad SDI is used as a data pad in 3-wire 
mode.  
 
The SPI interface uses the following pins: 

• CSB:  chip select, active low 
• SCK: serial clock 
• SDI: serial data input; data input/output in 3-wire mode 
• SDO: serial data output; hi-Z in 3-wire mode 

Refer to chapter 7 for connection instructions.  
 
CSB is active low and has an integrated pull-up resistor. Data on SDI is latched by the device at SCK 
rising edge and SDO is changed at SCK falling edge. Communication starts when CSB goes to low 
and stops when CSB goes to high; during these transitions on CSB, SCK must be stable. The SPI 
protocol is shown in Figure 11. For timing details, please review Table 34.   

CSB 

SCK 

SDI 

RW AD6 AD5 AD4 AD3 AD2 AD1 AD0 DI5 DI4 DI3 DI2 DI1 DI0 DI7 DI6 

SDO 

DO5 DO4 DO3 DO2 DO1 DO0 DO7 DO6 tri-state  
Figure 11: SPI protocol (shown for mode ‘11’ in 4-wire configuration) 

In SPI mode, only 7 bits of the register addresses are used; the MSB of register address is not used 
and replaced by a read/write bit (RW = ‘0’ for write and RW = ‘1’ for read).  
Example: address 0xF7 is accessed by using SPI register address 0x77. For write access, the byte 
0x77 is transferred, for read access, the byte 0xF7 is transferred.  

6.3.1 SPI write 
Writing is done by lowering CSB and sending pairs control bytes and register data. The control bytes 
consist of the SPI register address (= full register address without bit 7) and the write command (bit7 = 
RW = ‘0’). Several pairs can be written without raising CSB. The transaction is ended by a raising 
CSB. The SPI write protocol is depicted in Figure 12.  

Start RW RW Stop

0 1 1 1 0 1 0 0 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0 0 1 1 1 0 1 0 1 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Control byte

CSB
=
1

Data byte

Register address (F5h) Data register - adress F5hRegister address (F4h)

CSB
=
0

Control byte Data byte

Data register - address F4h

 
Figure 12: SPI multiple byte write (not auto-incremented) 
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6.3.2 SPI read 
Reading is done by lowering CSB and first sending one control byte. The control bytes consist of the 
SPI register address (= full register address without bit 7) and the read command (bit 7 = RW = ‘1’). 
After writing the control byte, data is sent out of the SDO pin (SDI in 3-wire mode); the register address 
is automatically incremented. The SPI read protocol is depicted in Figure 13.  

Start RW Stop

1 1 1 1 0 1 1 0 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
CSB

=
1

Data byte

Data register - address F7hRegister address (F6h)

CSB
=
0

Control byte Data byte

Data register - address F6h

 
Figure 13: SPI multiple byte read 

6.4 Interface parameter specification 
6.4.1 General interface parameters 
The general interface parameters are given in Table 32 below.  

Table 32: interface parameters 

Parameter Symbol Condition Min Typ Max Unit 

Input low level Vil_si VDDIO=1.2 V to 3. 6V   20 %VDDI

O 
Input high level Vih_si VDDIO=1.2 V to 3.6 V 80   %VDDI

O 
Output low level I2C Vol_SDI VDDIO=1.62 V, Iol=3 mA   20 %VDDI

O 
Output low level I2C Vol_SDI_1.2 VDDIO=1.20 V, Iol=3 mA   23 %VDDI

O 
Output low level SPI Vol_SDO VDDIO=1.62 V, Iol=1 mA   20 %VDDI

O 
Output low level SPI Vol_SDO_1.2 VDDIO=1.20 V, Iol=1 mA   23 %VDDI

O 
Output high level Voh VDDIO=1.62 V, Ioh=1 mA 

(SDO, SDI) 
80   %VDDI

O 
Output high level Voh_1.2 VDDIO=1.20 V, Ioh=1 mA 

(SDO, SDI) 
60   %VDDI

O 
Pull-up resistor Rpull Internal CSB pull-up 

resistance to VDDIO 
70 120 190 kΩ 

I2C bus load capacitor Cb On SDI and SCK   400 pF 

 

6.4.2 I²C timings 
For I²C timings, the following abbreviations are used:  

• “S&F mode” = standard and fast mode 
• “HS mode” = high speed mode 
• Cb = bus capacitance on SDA line 

 
All other naming refers to I²C specification 2.1 (January 2000). 
 
The I²C timing diagram is in Figure 14. The corresponding values are given in Table 33.  
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tHDDAT 

tf 

tBUF 

SDI 

SCK 

SDI 

tLOW 

tHDSTA tr 

tSUSTA 

tHIGH 

tSUDAT 

tSUSTO 

 
Figure 14: I²C timing diagram  

Table 33: I²C timings 

Parameter Symbol Condition Min Typ Max Unit 

SDI setup time tSU;DAT S&F Mode 
HS mode 

160 
30 

  ns 
ns 

SDI hold time tHD;DAT S&F Mode, Cb≤100 pF 
S&F Mode, Cb≤400 pF 
HS mode, Cb≤100 pF 
HS mode, Cb≤400 pF 

80 
90 
18 
24 

  
 

115 
150 

ns 
ns 
ns 
ns 

SCK low pulse tLOW HS mode, Cb≤100 pF 
VDDIO = 1.62 V 

160   ns 

SCK low pulse tLOW HS mode, Cb≤100 pF 
VDDIO = 1.2 V 

210   ns 

 
The above-mentioned I2C specific timings correspond to the following internal added delays: 

• Input delay between SDI and SCK inputs: SDI is more delayed than SCK by typically 100 ns in 
Standard and Fast Modes and by typically 20 ns in High Speed Mode.  

• Output delay from SCK falling edge to SDI output propagation is typically 140 ns in Standard 
and Fast Modes and typically 70 ns in High Speed Mode.  

 

6.4.3 SPI timings 
The SPI timing diagram is in Figure 15, while the corresponding values are given in Table 34. All timings 
apply both to 4- and 3-wire SPI.  
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CSB 

SCK 

T_setup_csb 

   T_low_sck T_high_sck 

    T_hold_csb 

SDI 

T_setup_sdi T_hold_sdi 
SDO 

T_delay_sdo 

    
Figure 15: SPI timing diagram 

Table 34: SPI timings 

Parameter Symbol Condition Min Typ Max Unit 

SPI clock input frequency F_spi  0  10 MHz 
SCK low pulse T_low_sck  20   ns 
SCK high pulse T_high_sck  20   ns 
SDI setup time T_setup_sdi  20   ns 
SDI hold time T_hold_sdi  20   ns 
SDO output delay T_delay_sdo 25 pF load, VDDIO=1.6 V min   30 ns 
SDO output delay T_delay_sdo 25 pF load, VDDIO=1.2 V min   40 ns 
CSB setup time T_setup_csb  20   ns 
CSB hold time T_hold_csb  20   ns 
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7. Pin-out and connection diagram  

7.1 Pin-out 
 

TOP VIEW
(pads not visible)

8
VDD

7
GND

6
VDDIO

5
SDO

BOTTOM VIEW
(pads visible)

1
GND

2
CSB

3
SDI

4
SCK

Pin 1 
marker

1
GND

2
CSB

3
SDI

4
SCK

8
VDD

7
GND

6
VDDIO

5
SDO

Vent hole

 
Figure 16: Pin-out top and bottom view 

Note: The pin numbering of BME280 is performed in the untypical clockwise direction when seen in top 
view and counter-clockwise when seen in bottom view.  

Table 35: Pin description 

Pin Name I/O Type Description Connect to 
SPI 4W SPI 3W I²C 

1 GND Supply Ground GND 
2 CSB In Chip select CSB CSB VDDIO 

3 SDI In/Out Serial data input SDI SDI/SDO SDA 

4 SCK In Serial clock input SCK SCK SCL 

5 SDO In/Out Serial data output SDO DNC GND for 
default 
address 

6 VDDIO Supply Digital / Interface 
supply 

VDDIO 

7 GND Supply Ground GND 
8 VDD Supply Analog supply VDD 
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7.2 Connection diagram I2C 

 

I2C address bit 0
GND: '0'; VDDIO: '1'

TOP VIEW
(pads not visible)

8
VDD

7
GND

6
VDDIO

5
SDO

C1

VDDIOVDD

C2

1
GND

2
CSB

3
SDI

4
SCK

SDA

SCL

Vent hole

R2R1

 
Figure 17: I²C connection diagram  

Notes:  
• The recommended value for C1, C2 is 100 nF 
• The value for the pull-up resistors R1, R2 should be based on the interface timing and the bus 

load; a normal value is 4.7 kΩ 
• A direct connection between CSB and VDDIO is required 
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7.3 Connection diagram 4-wire SPI 

SDO

TOP VIEW
(pads not visible)

8
VDD

7
GND

6
VDDIO

5
SDO

C1

VDDIOVDD

C2

1
GND

2
CSB

3
SDI

4
SCK

SDI

SCK

CSB

Vent hole

 
Figure 18: 4-wire SPI connection diagram 

Note: The recommended value for C1, C2 is 100 nF 
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7.4 Connection diagram 3-wire SPI 

TOP VIEW
(pads not visible)

8
VDD

7
GND

6
VDDIO

5
SDO

C1

VDDIOVDD

C2

1
GND

2
CSB

3
SDI

4
SCK

SDI/SDO

SCK

CSB

Vent hole

 
Figure 19: 3-wire SPI connection diagram 

Note: The recommended value for C1, C2 is 100 nF 
 
 

A Hojas de datos A.2 Hoja de datos sensor BME280

128 Mario Acevedo Eustaquio



 

 

Bosch Sensortec | BME280 Data sheet 42 | 60 

Modifications reserved | Data subject to change without notice  Document number: BST-BME280-DS001-23 Revision_1.23_012022 

7.5 Package dimensions 

 
Figure 20: Package dimensions for top, bottom and side view  
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7.6 Landing pattern recommendation 
For the design of the landing pattern, the following dimensioning is recommended: 
 

  
Figure 21: Recommended landing pattern (top view) 

Note: red areas demark exposed PCB metal pads.  
• In case of a solder mask defined (SMD) PCB process, the land dimensions should be defined 

by solder mask openings. The underlying metal pads are larger than these openings.  
• In case of a non solder mask defined (NSMD) PCB process, the land dimensions should be 

defined in the metal layer. The mask openings are larger than these metal pads.  
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7.7 Marking 
7.7.1 Mass production devices  

Table 36: Marking of mass production parts 

Marking Symbol Description 

CCC
TL

5 6 7 8

4 3 2 1

Vent
hole

Pin 1
marker

 

CCC 
Lot counter: 3 alphanumeric digits, 

variable to generate mass production 
trace-code 

T 

Product number: 1 alphanumeric digit, 
fixed to identify product type, T = “U” 

“U” is associated with the product 
BME280 (part number 0 273 141 185) 

L Sub-contractor ID: 1 alphanumeric digit, 
variable to identify sub-contractor (L = “P”) 

 
 
 
 

7.7.2 Engineering samples  

Table 37: Marking of engineering samples 

Marking Symbol Description 

XXN
CC

5 6 7 8

4 3 2 1

Vent
hole

Pin 1
marker

 

XX Sample ID: 2 alphanumeric digits, 
 variable to generate trace-code 

N 
Eng. Sample ID: 1 alphanumeric digit, 
fixed to identify engineering sample, 

 N = “ * ” or “e” or “E” 

CC Counter ID: 2 alphanumeric digits, 
variable to generate trace-code 
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7.8 Soldering guidelines and reconditioning recommendations 
The moisture sensitivity level of the BME280 sensors corresponds to JEDEC Level 1, see also:  

• IPC/JEDEC J-STD-020C “Joint Industry Standard: Moisture/Reflow Sensitivity Classification for 
non-hermetic Solid State Surface Mount Devices” 

• IPC/JEDEC J-STD-033A “Joint Industry Standard: Handling, Packing, Shipping and Use of 
Moisture/Reflow Sensitive Surface Mount Devices”. 

The sensor fulfils the lead-free soldering requirements of the above-mentioned IPC/JEDEC standard, 
i.e. reflow soldering with a peak temperature up to 260°C. The minimum height of the solder after 
reflow shall be at least 50µm. This is required for good mechanical decoupling between the sensor 
device and the printed circuit board (PCB). 
 

 
Figure 22: Soldering profile 
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7.9 Reconditioning Procedure 
After exposing the device to operating conditions, which exceed the limits specified in section 1.2, e.g. 
after reflow, the humidity sensor may possess an additional offset. Therefore the following 
reconditioning procedure is mandatory to restore the calibration state: 
 

1. Dry-Baking:   120 °C at <5% rH for 2 h 
2. Re-Hydration:   70 °C at 75% rH for 6 h 

 
or alternatively  
 

1. Dry-Baking:   120 °C at <5% rH for 2 h 
2. Re-Hydration:   25 °C at 75% rH for 24 h 

  
or alternatively after solder reflow only 
 

1. Do not perform Dry-Baking 
2. Ambient Re-Hydration: ~25 °C at >40% rH for >5d 

 
 

7.10 Tape and reel specification 

7.10.1 Dimensions 
 

 
Figure 23: Tape and Reel dimensions 

Quantity per reel: 10 kpcs. 
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7.10.2 Orientation within the reel 
 

Figure 24: Orientation within tape 
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7.11 Mounting and assembly recommendations 
In order to achieve the specified performance for you design, the following recommendations and the 
“Handling, soldering & mounting instructions BME280” should be taken into consideration when 
mounting a pressure sensor on a printed-circuit board (PCB):  

• The clearance above the metal lid shall be 0.1mm at minimum. 
• For the device housing appropriate venting needs to be provided in case the ambient pressure 

shall be measured.  
• Liquids shall not come into direct contact with the device.  
• During operation the sensor chip is sensitive to light, which can influence the accuracy of the 

measurement (photo-current of silicon). The position of the vent hole minimizes the light 
exposure of the sensor chip. Nevertheless, Bosch Sensortec recommends avoiding the 
exposure of BME280 to strong light sources. 

• Soldering may not be done using vapor phase processes since the sensor will be damaged by 
the liquids used in these processes.  

7.12 Environmental safety 

7.12.1 RoHS 
The BME280 sensor meets the requirements of the EC restriction of hazardous substances (RoHS) 
directive, see also:  

RoHS–Directive 2011/65/EU and its amendments, including the amendment 2015/863/EU on 
the restriction of the use of certain hazardous substances in electrical and electronic 
equipment. 

7.12.2 Halogen content 
The BME280 is halogen-free. For more details on the analysis results please contact your Bosch 
Sensortec representative. 

7.12.3 Internal package structure 
Within the scope of Bosch Sensortec’s ambition to improve its products and secure the mass product 
supply, Bosch Sensortec qualifies additional sources (e.g. 2nd source) for the package of the BME280. 
 
While Bosch Sensortec took care that all of the technical packages parameters are described above 
are 100% identical for all sources, there can be differences in the chemical content and the internal 
structural between the different package sources. 
 
However, as secured by the extensive product qualification process of Bosch Sensortec, this has no 
impact to the usage or to the quality of the BME280 product. 
 
  

A.2 Hoja de datos sensor BME280 A Hojas de datos

Mario Acevedo Eustaquio 135



 

 

Bosch Sensortec | BME280 Data sheet 49 | 60 

Modifications reserved | Data subject to change without notice  Document number: BST-BME280-DS001-23 Revision_1.23_012022 

8. Appendix A: Alternative compensation formulas  

8.1 Compensation formulas in double precision floating point 
Please note that it is strongly advised to use the API available from Bosch Sensortec to perform 
readout and compensation. If this is not wanted, the code below can be applied at the user’s risk. Both 
pressure and temperature values are expected to be received in 20 bit format, positive, stored in a 32 
bit signed integer. Humidity is expected to be received in 16 bit format, positive, stored in a 32 bit 
signed integer. 
The variable t_fine (signed 32 bit) carries a fine resolution temperature value over to the pressure 
compensation formula and could be implemented as a global variable.  
The data type “BME280_S32_t” should define a 32 bit signed integer variable type and could usually 
be defined as “long signed int”. The revision of the code is rev. 1.1 (pressure and temperature) and 
rev. 1.0 (humidity). 
Compensating the measurement value with double precision gives the best possible accuracy but is 
only recommended for PC applications.  
 
// Returns temperature in DegC, double precision. Output value of “51.23” equals 51.23 DegC. 
// t_fine carries fine temperature as global value 
BME280_S32_t t_fine; 
double BME280_compensate_T_double(BME280_S32_t adc_T) 
{ 
 double var1, var2, T; 
 var1  = (((double)adc_T)/16384.0 – ((double)dig_T1)/1024.0) * ((double)dig_T2); 
 var2  = ((((double)adc_T)/131072.0 – ((double)dig_T1)/8192.0) * 
  (((double)adc_T)/131072.0 – ((double) dig_T1)/8192.0)) * ((double)dig_T3); 
 t_fine = (BME280_S32_t)(var1 + var2); 
 T  = (var1 + var2) / 5120.0; 
 return T; 
} 
// Returns pressure in Pa as double. Output value of “96386.2” equals 96386.2 Pa = 963.862 hPa 
double BME280_compensate_P_double(BME280_S32_t adc_P) 
{ 
 double var1, var2, p; 
 var1 = ((double)t_fine/2.0) – 64000.0; 
 var2 = var1 * var1 * ((double)dig_P6) / 32768.0; 
 var2 = var2 + var1 * ((double)dig_P5) * 2.0; 
 var2 = (var2/4.0)+(((double)dig_P4) * 65536.0); 
 var1 = (((double)dig_P3) * var1 * var1 / 524288.0 + ((double)dig_P2) * var1) / 524288.0; 
 var1 = (1.0 + var1 / 32768.0)*((double)dig_P1); 
 if (var1 == 0.0) 
 { 
  return 0; // avoid exception caused by division by zero 
 } 
 p = 1048576.0 – (double)adc_P; 
 p = (p – (var2 / 4096.0)) * 6250.0 / var1; 
 var1 = ((double)dig_P9) * p * p / 2147483648.0; 
 var2 = p * ((double)dig_P8) / 32768.0; 
 p = p + (var1 + var2 + ((double)dig_P7)) / 16.0; 
 return p; 
} 
// Returns humidity in %rH as as double. Output value of “46.332” represents 

46.332 %rH 
double bme280_compensate_H_double(BME280_S32_t adc_H); 
{ 
 double var_H; 
 
 var_H = (((double)t_fine) – 76800.0); 
 var_H = (adc_H – (((double)dig_H4) * 64.0 + ((double)dig_H5) / 16384.0 * 

var_H)) * (((double)dig_H2) / 65536.0 * (1.0 + ((double)dig_H6) / 
67108864.0 * var_H *  
(1.0 + ((double)dig_H3) / 67108864.0 * var_H))); 

 var_H = var_H * (1.0 – ((double)dig_H1) * var_H / 524288.0); 
  
 if (var_H > 100.0) 
  var_H = 100.0; 
 else if (var_H < 0.0) 
  var_H = 0.0; 
return var_H; 
} 
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8.2 Pressure compensation in 32 bit fixed point 
Please note that it is strongly advised to use the API available from Bosch Sensortec to perform 
readout and compensation. If this is not wanted, the code below can be applied at the user’s risk. Both 
pressure and temperature values are expected to be received in 20 bit format, positive, stored in a 32 
bit signed integer.  
The variable t_fine (signed 32 bit) carries a fine resolution temperature value over to the pressure 
compensation formula and could be implemented as a global variable.  
The data type “BME280_S32_t” should define a 32 bit signed integer variable type and can usually be 
defined as “long signed int”.  
The data type “BME280_U32_t” should define a 32 bit unsigned integer variable type and can usually 
be defined as “long unsigned int”.  
Compensating the pressure value with 32 bit integer has an accuracy of typically 1 Pa (1-sigma). At 
high filter levels this adds a significant amount of noise to the output values and reduces their 
resolution.  
 
// Returns temperature in DegC, resolution is 0.01 DegC. Output value of “5123” equals 51.23 
DegC.  
// t_fine carries fine temperature as global value 
BME280_S32_t t_fine; 
BME280_S32_t BME280_compensate_T_int32(BME280_S32_t adc_T) 
{ 
 BME280_S32_t var1, var2, T; 
 var1  = ((((adc_T>>3) – ((BME280_S32_t)dig_T1<<1))) * ((BME280_S32_t)dig_T2)) >> 11; 
 var2  = (((((adc_T>>4) – ((BME280_S32_t)dig_T1)) * ((adc_T>>4) – ((BME280_S32_t)dig_T1))) 
>> 12) *  
  ((BME280_S32_t)dig_T3)) >> 14; 
 t_fine = var1 + var2; 
 T  = (t_fine * 5 + 128) >> 8; 
 return T; 
} 
 
// Returns pressure in Pa as unsigned 32 bit integer. Output value of “96386” equals 96386 Pa 
= 963.86 hPa 
BME280_U32_t BME280_compensate_P_int32(BME280_S32_t adc_P) 
{ 
 BME280_S32_t var1, var2; 
 BME280_U32_t p; 
 var1 = (((BME280_S32_t)t_fine)>>1) – (BME280_S32_t)64000; 
 var2 = (((var1>>2) * (var1>>2)) >> 11 ) * ((BME280_S32_t)dig_P6); 
 var2 = var2 + ((var1*((BME280_S32_t)dig_P5))<<1); 
 var2 = (var2>>2)+(((BME280_S32_t)dig_P4)<<16); 
 var1 = (((dig_P3 * (((var1>>2) * (var1>>2)) >> 13 )) >> 3) + ((((BME280_S32_t)dig_P2) * 
var1)>>1))>>18; 
 var1 =((((32768+var1))*((BME280_S32_t)dig_P1))>>15); 
 if (var1 == 0) 
 { 
  return 0; // avoid exception caused by division by zero 
 } 
 p = (((BME280_U32_t)(((BME280_S32_t)1048576)-adc_P)-(var2>>12)))*3125; 
 if (p < 0x80000000)  
 { 
  p = (p << 1) / ((BME280_U32_t)var1); 
 }  
 else  
 { 
  p = (p / (BME280_U32_t)var1) * 2; 
 } 
 var1 = (((BME280_S32_t)dig_P9) * ((BME280_S32_t)(((p>>3) * (p>>3))>>13)))>>12; 
 var2 = (((BME280_S32_t)(p>>2)) * ((BME280_S32_t)dig_P8))>>13; 
 p = (BME280_U32_t)((BME280_S32_t)p + ((var1 + var2 + dig_P7) >> 4)); 
 return p; 
} 
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9. Appendix B: Measurement time and current calculation 

In this chapter, formulas are given to calculate measurement rate, filter bandwidth and current 
consumption in different settings.  

9.1 Measurement time 
The active measurement time depends on the selected values for humidity, temperature and pressure 
oversampling and can be calculated in milliseconds using the formulas below. 
 

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑡𝑡𝑡𝑡𝑡𝑡 = 1 + [2 ⋅ 𝑇𝑇_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑡𝑡≠0 + [2 ⋅ 𝑃𝑃_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.5]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑝𝑝≠0

+ [2 ⋅ 𝐻𝐻_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.5]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_ℎ≠0 
 

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑚𝑚𝑚𝑚𝑚𝑚 = 1.25 + [2.3 ⋅ 𝑇𝑇_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑡𝑡≠0 + [2.3 ⋅ 𝑃𝑃_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.575]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑝𝑝≠0

+ [2.3 ⋅ 𝐻𝐻_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.575]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_ℎ≠0 
 
For example, using temperature oversampling ×1, pressure oversampling ×4 and no humidity 
measurement, the measurement time is: 
 

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑡𝑡𝑡𝑡𝑡𝑡 = 1 + [2 ⋅ 1] + [2 ⋅ 4 + 0.5] + [0] = 11.5 ms 
 

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑚𝑚𝑚𝑚𝑚𝑚 = 1.25 + [2.3 ⋅ 1] + [2.3 ⋅ 4 + 0.575] + [0] = 13.325 ms 
 

9.2 Measurement rate in forced mode 
In forced mode, the measurement rate depends on the rate at which it is forced by the master. The 
highest possible frequency in Hz can be calculated as: 
 

𝑂𝑂𝑂𝑂𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =
1000
𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

 

 
If measurements are forced faster than they can be executed, the data rate saturates at the attainable 
data rate. For the example above with 11.5 ms measurement time, the typically achievable output data 
rate would be: 

𝑂𝑂𝑂𝑂𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =
1000
11.5

= 87 Hz 

9.3 Measurement rate in normal mode 
The measurement rate in normal mode depends on the measurement time and the standby time and 
can be calculated in Hz using the following formula: 
 

𝑂𝑂𝑂𝑂𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛_𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =
1000

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
 

 
The accuracy of tstandby is described in the specification parameter Δtstandby. For the example above with 
11.5 ms measurement time, setting normal mode with a standby time of 62.5 ms would result in a data 
rate of:  

𝑂𝑂𝑂𝑂𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛_𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =
1000

11.5 + 62.5
= 13.51 Hz 
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9.4 Response time using IIR filter 
When using the IIR filter, the response time of the sensor depends on the selected filter coefficient and 
the data rate used. It can be calculated using the following formula:  
 

𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟, 75% =
1000 ⋅ 𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 75%

𝑂𝑂𝑂𝑂𝑂𝑂
 

 
For the example above with a data rate of 13.51 Hz, the user could select a filter coefficient of 8. 
According to Table 6, the number of samples needed to reach 75% of a step response using this filter 
setting is 11. The response time with filter is therefore: 
 

𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟, 75% =
1000 ⋅ 11

13.51
= 814 ms 

 

9.5 Current consumption 
The current consumption depends on the selected oversampling settings, the measurement rate and 
the sensor mode, but not on the IIR filter setting. It can be calculated as:  
 

𝐼𝐼𝐷𝐷𝐷𝐷,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ (1 − 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚⋅𝑂𝑂𝑂𝑂𝑂𝑂) +
𝑂𝑂𝑂𝑂𝑂𝑂
1000

⋅ �205 + 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ [2 ⋅ 𝑇𝑇_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑡𝑡≠0 + 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ [2 ⋅ 𝑃𝑃_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.5]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑝𝑝≠0

+ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ [2 ⋅ 𝐻𝐻_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.5]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_ℎ≠0� 
 

𝐼𝐼𝐷𝐷𝐷𝐷,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ (1 − 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚⋅𝑂𝑂𝑂𝑂𝑂𝑂) +
𝑂𝑂𝑂𝑂𝑂𝑂
1000

⋅ �205 + 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ [2 ⋅ 𝑇𝑇_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑡𝑡≠0 + 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ [2 ⋅ 𝑃𝑃_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.5]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_𝑝𝑝≠0

+ 𝐼𝐼𝐷𝐷𝐷𝐷𝐷𝐷 ⋅ [2 ⋅ 𝐻𝐻_𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 0.5]𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜_ℎ≠0� 
 

Note that the only difference between forced and normal mode current consumption is that the current 
for the inactive time is either IDDSL or IDDSB. For the example above, the current would be 
 

𝐼𝐼𝐷𝐷𝐷𝐷,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑎𝑎𝑎𝑎 = 0.2 ⋅ (1 − 0.0115 ⋅ 13.51) +
13.51
1000

(205 + 350 ⋅ [2 ⋅ 1] + 714 ⋅ [2 ⋅ 4 + 0.5] + [0])

= 0.2 ⋅ (0.845) +
13.51
1000

(205 + 700 + 6069 + 0)

= 0.2 + 94.2 = 94.4 µA 
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10. Self test 
The following chapter provides an explanation to the self-test code for the Bosch Sensortec BME280. 
The code itself refers to the API (Application Programming Interface) of the sensor, which can be 
obtained from Bosch Sensortec and is also included in this release package.  

10.1 Self-test flow 
The self-test starts by performing a soft reset of the device. After this, Chip-ID and trimming data are 
read and verified. Then temperature and pressure are measured and compared against customisable 
plausibility limits. A flow chart is given below.  
 

 
Figure 25: Self-test flow chart 
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10.2 Function return codes 
A list of the possible function return codes can be found below.  
 
 0 Sensor OK 
 10 Communication error or wrong device found 
 20 Trimming data out of bound 
 30 Temperature bond wire failure or MEMS defect 
 31 Pressure bond wire failure or MEMS defect 
 40 Implausible temperature (default limits: 0…40°C) 
 41 Implausible pressure (default limits: 900…1100 hPa) 
 42 Implausible humidity (default limits: 20...80 %rH) 
 
Error testing is done in ascending error code sequence. This means that if e.g. a trimming data error is 
detected (code 20), the temperature plausibility (code 40) is not checked anymore. Instead, error code 
20 is returned and no others tests are performed.  
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10.3 Usage 

10.3.1 File and function pointer integration 
 Include bme280.c in your programming environment and add the path to the compiler.  
 Include bme280_selftest.c in your programming environment and add the path to the compiler.  
 Modify the lines with read/write function pointer to match your system. Sample functions are given 

in chapter 10.5: 
 
bme280.bus_read   = BME280_I2C_bus_read;  // must be defined by customer 
bme280.bus_write  = BME280_I2C_bus_write; // must be defined by customer 
bme280.delay_msec = BME280_delay_msec;    // must be defined by customer 

 
 If necessary, adapt the measurement plausibility limits in  bme280_selftest.h. The default limits are 

0…40°C for temperature and 900…1100 hPa for pressure measurement.  
 If you are using I²C communication with the address 0x77 (SDO pin high), then change the 

BME280.h line 
#define BME280_I2C_ADDRESS BME280_I2C_ADDRESS1 

into 
#define BME280_I2C_ADDRESS BME280_I2C_ADDRESS2 

 

10.3.2 Function call 
Call the self test function using: 
 
unsigned char testresult;  
testresult = bme280_selftest(); 

 
A test result of 0 indicates no error. The other return codes are detailed in chapter 10.2.  
 

10.3.3 Test time and interface requirements 
The self test uses a total wait time of 9 milliseconds. Of this, 2 milliseconds are used as wait time for 
soft reset and 7 milliseconds are used as wait time for conversion. The soft reset is performed in order 
to erase any possible old settings and could be omitted if the sensor is known to be in an untouched 
state after power on.  
 
In the self test function, 4 write commands and 6 read commands are issued. In total, 4 bytes are 
written and 34 bytes are read. Assuming burst read is used, the following time duration can be 
expected for communication including overhead: 
 6.0 ms for I²C at 100 kHz 
 1.5 ms for I²C at 400 kHz 
 0.5 ms for SPI at 1 MHz 
 
Assuming a 400 kHz I²C interface with burst reads, the total function run time therefore equals 10.5 
milliseconds.  
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10.4 Function explanation 

10.4.1 Communication test 
This function attempts to read the Chip ID. If it is correct, a functioning communication is assumed. 
Note that the write function functionality is not explicitly tested.  

10.4.2 Bond wire test 
A pressure and temperature measurement is performed and uncompensated pressure and 
temperature values are read out. If the measurement results are clipped to the respective minimum or 
maximum ADC values, this is usually caused by defective bond wires. However, a defective sensing 
element could also cause this test to fail.  
Please note that some combinations of bond wire or sensing element defects do not result in clipping 
of the measurement value and will therefore not be detected with this test. These cases can be 
detected by the plausibility test instead.  

10.4.3 Measurement plausibility test 
The pressure and temperature values read out previously are compensated using the read out 
compensation parameters. The compensated temperature and pressure is compared against 
plausibility limits set in bme280_selftest.h, which must be set to match the customer production 
environment. Please use the the plausibility limits as described in chapter 3. 
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10.5 Sample read, write and delay function 
Below some samples read, write and delay functions are given. These are platform dependant and 
should only give an idea of how the functions could look.  
 
signed char BME280_I2C_bus_read(unsigned char device_addr, unsigned char 

reg_addr, unsigned char *reg_data, unsigned char cnt) 
{ 
 int iError=0; 
 unsigned char array[I2C_BUFFER_LEN]; 
 unsigned char stringpos; 
 array[0] = reg_addr; 
 iError = I2C_write_read_string(I2C0, device_addr, array, array, 1, cnt); 
 for(stringpos=0;stringpos<cnt;stringpos++) 
 { 
  *(reg_data + stringpos) = array[stringpos]; 
 } 
 return (signed char)iError; 
} 
 
signed char BME280_I2C_bus_write(unsigned char device_addr, unsigned char 

reg_addr, unsigned char *reg_data, unsigned char cnt) 
{ 
 int iError=0; 
 unsigned char array[I2C_BUFFER_LEN]; 
 unsigned char stringpos; 
 array[0] = reg_addr; 
 for(stringpos=0;stringpos<cnt;stringpos++) 
 { 
  array[stringpos+1] = *(reg_data + stringpos); 
 } 
 iError = I2C_write_string(I2C0, device_addr, array, cnt+1); 
 return (signed char)iError; 
} 
 
void BME280_delay_msec(BME280_U16_t msec) //delay in milliseconds 
{ 
 BME280_U32_t counter; 
 for (counter = 0; counter/2000 < msec; counter++); // 2000 counts = 1 
msec 
} 

  

A Hojas de datos A.2 Hoja de datos sensor BME280

144 Mario Acevedo Eustaquio



 

 

Bosch Sensortec | BME280 Data sheet 58 | 60 

Modifications reserved | Data subject to change without notice  Document number: BST-BME280-DS001-23 Revision_1.23_012022 

11. Legal disclaimer 

11.1 Engineering samples 
Engineering Samples are marked with an asterisk (*), (E) or (e). Samples may vary from the valid 
technical specifications of the product series contained in this data sheet. They are therefore not 
intended or fit for resale to third parties or for use in end products. Their sole purpose is internal client 
testing. The testing of an engineering sample may in no way replace the testing of a product series. 
Bosch Sensortec assumes no liability for the use of engineering samples. The Purchaser shall indemnify 
Bosch Sensortec from all claims arising from the use of engineering samples. 
 

11.2 Product use 
 

Bosch Sensortec products are developed for the consumer goods industry. They may only be used 
within the parameters of this product data sheet. They are not fit for use in life-sustaining or safety-
critical systems. Safety-critical systems are those for which a malfunction is expected to lead to bodily 
harm, death or severe property damage. In addition, they shall not be used directly or indirectly for 
military purposes (including but not limited to nuclear, chemical or biological proliferation of weapons or 
development of missile technology), nuclear power, deep sea or space applications (including but not 
limited to satellite technology). 
 
Bosch Sensortec products are released on the basis of the legal and normative requirements relevant 
to the Bosch Sensortec product for use in the following geographical target market: BE, BG, DK, DE, 
EE, FI, FR, GR, IE, IT, HR, LV, LT, LU, MT, NL, AT, PL, PT, RO, SE, SK, SI, ES, CZ, HU, CY, US, CN, 
JP, KR, TW. If you need further information or have further requirements, please contact your local sales 
contact.  
 
The resale and/or use of Bosch Sensortec products are at the purchaser’s own risk and his own 
responsibility. The examination of fitness for the intended use is the sole responsibility of the purchaser.  
 
The purchaser shall indemnify Bosch Sensortec from all third party claims arising from any product use 
not covered by the parameters of this product data sheet or not approved by Bosch Sensortec and 
reimburse Bosch Sensortec for all costs in connection with such claims. 
 
The purchaser accepts the responsibility to monitor the market for the purchased products, particularly 
with regard to product safety, and to inform Bosch Sensortec without delay of all safety-critical incidents. 
 

11.3 Application examples and hints 
With respect to any examples or hints given herein, any typical values stated herein and/or any 
information regarding the application of the device, Bosch Sensortec hereby disclaims any and all 
warranties and liabilities of any kind, including without limitation warranties of non-infringement of 
intellectual property rights or copyrights of any third party. The information given in this document shall 
in no event be regarded as a guarantee of conditions or characteristics. They are provided for illustrative 
purposes only and no evaluation regarding infringement of intellectual property rights or copyrights or 
regarding functionality, performance or error has been made. 
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12. Document history and modification 
 

Rev. No Page Description of modification/changes Date 
0.1  Document creation 2012-11-06 
1.0  Final datasheet 2014-11-12 

1.1 48 Updated RoHS directive to 2011/65/EU effective 8 
June 2011 2015-05-07 

1.2 2, 3 Adjusted target devices, applications 2015-10-15 
1.4  Minor corrections 2018-01-17 
1.5  Template update 2018-09-17 
1.8 Chapter 10 Updated legal disclaimer 2020-03-12 
1.9 Chapter 10 Update disclaimer 2020-11-23 
1.10 Chapter 10 New added chapter self-test disclaimer now 11 2021-03-18 
1.21 Chapter 1.4 New typical accuracy 2021-07-22 
1.22 Chapter 7.12 Update of ROHS directive 2021-10-22 
1.23 1.4 Final Temperature spec 2022-01-22 
1.24 Chapter 2 Remove condensation 2024-02-20 
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GUVA-S12SD 
TECHNICAL DATA 

  UV-B Sensor 
 
Features Applications 
  

• Gallium Nitride Based Material 
• Schottky-type Photodiode 
• Photovoltaic Mode Operation 
• Good Visible Blindness 
• High Responsivity & Low Dark Current 

• UV Index Monitoring 
• UV-A Lamp Monitoring 

 
 
Absolute Maximum Ratings 
 

Item Symbol Value Unit 
Forward Current IF 1 mA 
Reverse Voltage VR 5 V 
Operating Temperature Top -30 … +85 °C 
Storage Temperature Tst -40 … +90 °C 
Soldering Temperature * Tsol 260 °C 

* must be completed within 10 seconds 
 
 
Characteristics (25°C) 
 

Item Symbol Test Conditions Min. Typ. Max. Unit 
Dark Current ID VR = 0.1 V - - 1 nA 

Photo Current IPD UVA Lamp, 1 mW/cm² - 113 - nA 
1 UVI - 26 - nA 

Temperature Coefficient ITC UVA Lamp - 0.08 - % / °C 
Responsivity R λ = 350 nm, VR = 0 V - 0.14 - A/W 
Spectral Detection Range λ 10% of R 240 - 370 nm 

 
 
Package Dimension 
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Responsivity Curve 
 

 
 
 
Photocurrent along UV Power 
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Shandong Renke Control Technology Co., Ltd. www.renkeer.com1
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RS-FXJT-N01
Wind direction
transmitter
user's manual
(Type 485)

Document version：V2.1
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1. product description
1.1product description

RS-FXJT-N01 wind direction transmitter, compact and lightweight, easy to carry and

assemble. The new design concept can effectively obtain the wind direction information. The shell

is made of polycarbonate composite material, which has good characteristics such as corrosion

resistance and erosion resistance, which can ensure The transmitter does not deform for a long

time, and at the same time cooperates with a smooth internal bearing system to ensure the

accuracy of information collection. It is widely used in wind direction measurement of

greenhouses, environmental protection, weather stations, ships, terminals, breeding and other

environments.

1.2Features
1.Range: 8 directions

2. Anti-electromagnetic interference treatment

3. Imported high-performance bearings, small rotation resistance and accurate measurement

4. Polycarbonate shell, high mechanical strength, high hardness, corrosion resistance, no rust, can

be used outdoors for a long time

5. The equipment structure and weight are carefully designed and distributed, the moment of

inertia is small, and the response is sensitive

6. Standard ModBus-RTU communication protocol, easy access

1.3Main Specifications

DC powered (default) 10~30V DC

Power consumption ≤0.3W

Transmitter circuit operating

temperature
-20℃~+60℃，0%RH~80%RH

Communication Interface

485 communication (modbus) protocol

Baud rate: 2400, 4800 (default), 9600

Data bit length: 8 bits

Parity mode: None

Stop bit length: 1 bit

Default ModBus communication address: 1

Support function code: 03

parameter settings
Use the provided configuration software to configure

through the 485 interface

Measuring range 8 directions
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Dynamic response speed ≤0.5s

2. Equipment installation instructions
2.1 Check before equipment installation
Equipment List:

1.Transmitter equipment

2.4 mounting screws

3. Qualification certificate, warranty card, wiring instructions, etc.

4.USB to 485 (optional)

5.485 terminal resistance (optional)

2.2 Interface Description
Wide voltage power input can be 10 ~ 30V. When wiring the 485 signal line, pay attention that the

two wires A \ B cannot be reversed, and the addresses of multiple devices on the bus must not

conflict.

2.3 Electrical wiring
Thread color Description

power supply brown Power supply (10 ~ 30V DC)

black Negative power

Communication green 485-A

blue 485-B

2.4 Field wiring instructions
When multiple 485 models are connected to the same bus, there are certain requirements for field

wiring. For details, please refer to the "485 Equipment Field Wiring Manual" in the reference

package.

2.5Installation method
It adopts flange installation and threaded flange connection to firmly fix the lower pipe of the

wind direction sensor to the flange. The chassis is Ø80mm. Four Ø4.5mm mounting holes are
opened on the Ø68mm circumference, and it is firmly fixed with bolts. The bracket keeps the
entire set of instruments at the optimal level to ensure the accuracy of the wind direction data. The
flange connection is easy to use and can withstand large pressures.
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2.6Precautions
1. The user is not allowed to dismantle by himself, nor touch the sensor core, so as not to cause

damage to the product.

2. Try to stay away from high-power interference equipment to avoid inaccurate measurements,

such as inverters, motors, etc. When installing and removing the transmitter, you must first

disconnect the power supply. Water entering the transmitter can cause irreversible changes.

3. To prevent chemical reagents, oil, dust and other direct damage to the sensor, do not use it

for a long time in the environment of condensation, extreme temperature, and prevent cold and

heat shock.

3. Configuration software installation and use
3.1 Software selection

Open the package and select "Debugging Software" --- "485 Parameter Configuration
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Software" and find Just open it.

3.2 parameter settings
① Select the correct COM port (check the COM port in "My
Computer-Properties-Device Manager-Port"). The following figure lists several
different 485 converter driver names.

② Connect only one device and power on. Click the software to test the baud rate. The
software will test the baud rate and address of the current device. The default baud rate
is 4800bit / s and the default address is 0x01.
③ Modify the address and baud rate according to the needs of use, and can query the
current function status of the device.
④ If the test is unsuccessful, please recheck the equipment wiring and 485 driver
installation.
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4. letter of agreement
4.1 Basic communication parameters
Code 8-bit binary

Data bit 8-bit

Parity bit no

Stop bit 1 person

Error checking CRC (Redundant Cyclic Code)

Baud rate
2400bit / s, 4800bit / s, 9600 bit / s can be set, the factory default is 4800

bit / s

4.2 Data frame format definition
Modbus-RTU communication protocol is adopted, the format is as follows:

Initial structure ≥ 4 bytes of time
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Address code = 1 byte

Function code = 1 byte

Data area = N bytes

Error check = 16-bit CRC

Ending structure ≥ 4 bytes of time

Address code: It is the address of the transmitter, which is unique in the communication network

(factory default 0x01).

Function code: The function instruction of the command issued by the host, this transmitter only

uses the function code 0x03 (reading register data).

Data area: The data area is the specific communication data. Note that the high byte of the 16bits

data comes first!

CRC code: two-byte check code.

Host inquiry frame structure:

address co

de

function co

de

Register start ad

dress

Register lengt

h

Low check bi

t

Check code hig

h

1byte 1byte 2byte 2byte 1byte 1byte

Slave response frame structure：

address c

ode

function

code

Number of

valid bytes
Data area

Second data

area

Nth data area
Check code

1byte 1byte 1byte 2byte 2byte 2byte 2byte

4.3 Register address
Register address PLCOr configuration

address

content operating

0000 H 40001 Wind direction (0-7 gear)

The uploaded data is the real

value

Read-only

0001 H 40002 Wind direction (0-360 °)

The uploaded data is the real

value

Read-only

4.4Numerical correspondence conversion relationship
Collection value (0-7 files) Acquisition value (0-360 °) Corresponding direction

0 0° North wind

1 45° Northeast wind
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2 90° Dongfeng

3 135° Southeast wind

4 180° south wind

5 225° Southwest wind

6 270° Westerly

7 315° Northwest wind

4.5 Communication protocol example and explanation
Example: Read wind direction at device address 0x01

Inquiry frame:

address code function code
starting addre

ss
Data length Low check bit

Check code hi

gh

0x01 0x03 0x00 0x00 0x00 0x02 0xC4 0x0B

Inquiry frame:： （For example, reading the wind direction value (0-7 gear) is 2, and (0-360 °) is 90 °)

address

code

function

code

Returns the num

ber of valid byte

s

wind direct

ion（0-7 fil

es）

wind direct

ion（0-36

0°）

Low check

bit

Check code

high

0x01 0x03 0x04 0x00 0x02 0x00 0x5A 0xDB 0xC8

Wind direction calculation:

(0-7 files): 0002H (hexadecimal) = 2 => wind direction = east wind

(0-360 °): 005AH (hexadecimal) = 90 => wind direction = east wind

5. Common problems and solutions
5.1 Device cannot be connected to PLC or computer
possible reason:
1) The computer has multiple COM ports, and the selected port is incorrect.
2) The device address is wrong, or there are devices with duplicate addresses (the factory defaults
are all 1).
3) Baud rate, check mode, data bit, stop bit error.
4) The host polling interval and waiting for response time are too short, both need to be set above
200ms.
5) The 485 bus is disconnected, or the A and B wires are reversed.
6) If there are too many devices or the wiring is too long, you should supply power nearby, add a
485 booster, and increase the 120Ω terminal resistance.
7) The USB to 485 driver is not installed or damaged.

8) The equipment is damaged.
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12

6. Contact
Shandong Renke Control Technology Co., Ltd.
Address: 2 / F, East Block, Building 8, Shun Tai Plaza, High-tech Zone, Jinan City, Shandong
Province
Post code: 250101
Phone: 400-085-5807
Website: www.renkeer.com
Cloud platform address: en.0531yun.cn Or: eniot.0531yun.cn

Web QR:
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13

7. Document history
V1.0 document creation.
V2.0 documentation update.
V2.1 Product size change.
8. Dimensions
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Datasheet

SS39ET/SS49E/SS59ET Series
Linear Hall-effect Sensor ICs
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Magnetoresistive Sensor ICs
The SS39ET/SS49E/SS59ET Series low-cost linear Hall-effect sensor ICs are small, versatile devices that are operated 

by the magnetic field from a permanent magnet or an electromagnet. They are designed and manufactured for cost 

competitiveness.

The linear sourcing output voltage is set by the supply voltage and varies in proportion to the strength of the magnetic field. 
Low voltage capability as low as 2.7 Vdc and reduced current consumption of only 6 mA typically at 5 Vdc help make this 
product energy efficient.

The integrated circuitry features low noise output, which makes it unnecessary to use external filtering. These sensor ICs 
Interface with many electrical components without buffering. They also include thin film resistors to provide increased 
temperature stability and accuracy.

These linear Hall-effect sensor ICs have an operating temperature range of -40 °C to 100°C [-40 °F to 212 °F], appropriate 
for industrial and medical environments. Thermal balancing allows for stable operation over the full temperature range.

They are available in three package styles, all of which may be supplied on tape for automated, lower-cost assembly:

  • SOT-23: SS39ET. This small footprint takes up less space on the PC board, typically allowing for more components.

  • Flat TO-92-style, with different lead configurations: SS49E, SS49E-L, SS49E-F.

  • SOT-89B: SS59ET. 

Cost Competitive • Energy Efficient

Key Features
•	 Miniature and subminiature construction: Designed for 

compact designs with tight space requirements

•	 Energy efficient: Low current consumption of 6 mA at 5 Vdc

•	 Easy PC board interface: Single current sourcing output for 

common electronic circuits

•	 Circuit design flexibility: Voltage range of 2.7 Vdc to 6.5 Vdc

•	 Low noise output: Virtually eliminates the need for filtering

•	 Stable output: Thin film resistors improve accuracy

•	 Wide range of environments: Temperature range of -40 °C 

to 100 °C [-40 °F to 212 °F]

•	 Application flexibility: Responds to either positive or 

negative Gauss

Potential Applications
Industrial
•	 Basic current sensing for motor load monitoring, detection

•	 Anti-tampering magnetic field sensor in smart remote utility 

meters

•	 Pump control in heavy-duty equipment and household 

appliances

•	 Simple linear or angular displacement sensing

•	 Handlebar/throttle position sensing in e-bikes and scooters

•	 Current sensing in appliances

•	 Speed adjustment trigger in tools and appliances

•	 Magnetic code reading in safes, security and building access 

control systems

MEDICAL
•	 Position sensing in infusion pumps

A.5 Hoja de datos sensor SS49E A Hojas de datos

Mario Acevedo Eustaquio 169



3sensing.honeywell.com

SS39ET/SS49E/SS59ET Series

Cost Competitive • Energy Efficient

Table 1. Operating Characteristics (Vs = 5.0 V, TA = -40 °C to 85 °C [-40 °F to 185 °F], except where noted.)

Characteristic Condition Min. Typ. Max. Unit

Output type linear, sourcing —

Magnetics type analog —

Supply voltage — 2.7 — 6.5 Vdc

Supply current 25 °C [77 °F] — 6 10 mA

Output voltage — 1.0 1.4 1.75 mV/Gauss

Output current Vs > 3.0 V 1.0 1.5 1.5 mA

Null 0 Gauss, 25 °C 2.25 2.50 2.75 Vdc

Output voltage span — 1.05 to (Vs - 1.05) 0.95 to (Vs - 0.95) — Vdc

Magnetic range — ±650 ±1000 — Gauss

Sensitivity 25 °C 1.0 1.4 1.75 mV/Gauss

Operating temperature — -40 [-40] — 100 [212] °C [°F]

Temperature error:
   Null drift
   Sensitivity drift

—
≥25 °C
<25 °C

-0.10
-0.15
-0.04

—
—
—

0.10
0.05
0.185

%/°C

Linearity — — -0.7 — % of span

Response time — — 3 — μs

Table 2. Absolute Maximum Ratings 

Characteristic Parameter

Supply voltage (Vs) -5.0 Vdc to 8.0 Vdc

Output current 10 mA

Storage temperature -55 °C to 165 °C [-67 °F to 329 F°]

NOTICE
Absolute maximum ratings are the extreme limits that the device will withstand without damage to the 
device. However, the electrical and mechanical characteristics are not guaranteed as the maximum limits 
(above recommended operating conditions) are approached, nor will the device necessarily operate at 
absolute maximum ratings.

CAUTION
ELECTROSTATIC

SENSITIVE
DEVICES

DO NOT OPEN OR HANDLE
EXCEPT AT A 

STATIC FREE WORKSTATION

ESD SENSITIVITY:
CLASS 3

Figure 1. Current Sourcing Output Block Diagram Figure 2. Transfer Characteristics (Vs = 5.0 Vdc)

HALL
SENSOR AMPLIFIER

Vs (+)

OUTPUT (O)

V- (-)

65 µA
TYPICAL

V
o

lt
a
g

e
 (

V
)

4.0

2.5

1.0

-1000 -500 0 500 1000
Magnetic Range (Gauss)

Typical
Output
Voltage
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Figure 3. Peformance Graphics
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SS39ET/SS49E/SS59ET Series

Figure 4. Mounting Dimensions (For reference only. mm/[in].) e
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A Hojas de datos A.5 Hoja de datos sensor SS49E

172 Mario Acevedo Eustaquio



Linear Hall-effect Sensor ICs 

6 sensing.honeywell.com

Figure 4. Mounting Dimensions (continued) e
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SS39ET/SS49E/SS59ET Series

Figure 4. Mounting Dimensions (continued) e
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Figure 2.C

Table 3. Order Guide 

Catalog 
Listing

Description
Catalog 
Listing

Description

SS39ET
Linear Hall-effect sensor IC, 
SOT-23, tape and reel packaging 
(3000 units per reel)

SS59ET
Linear Hall-effect sensor IC,      
SOT-89B, tape and reel packaging 
(1000 units per reel)

SS49E

Linear Hall-effect sensor IC, 
flat TO-92-style, straight leads,    
14,99 mm [0.59 in] lead length, 
1,30 mm [0.05 in] spacing, bulk 
packaging (1000 units per bag)

SS49E-T3

Linear Hall-effect sensor IC, 
flat TO-92-style, tape-in-box 
(ammopack) packaging, straight 
leads (5000 units per box)

SS49E-F

Linear Hall-effect sensor IC, 
flat TO-92-style, formed leads,    
14,99 mm [0.59 in] lead length, 
2,54 mm [0.10 in] spacing, bulk 
packaging (1000 units per bag)

SS49E-T2

Linear Hall-effect sensor IC, 
flat TO-92-style, tape-in-box 
(ammopack) packaging, formed 
leads (5000 units per box)

SS49E-L

Linear Hall-effect sensor IC,      
flat TO-92-style, straight leads, 
18,67 mm [0.75 in] lead length, 
1,30 mm [0.05 in] spacing, bulk 
packaging (1000 units per bag)
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Sensing and Control
Honeywell
1985 Douglas Drive North
Golden Valley, MN 55422

honeywell.com

Find out more
Honeywell serves its customers 
through a worldwide network 
of sales offices, representatives 
and distributors. For application 
assistance, current specifications, 
pricing or name of the nearest 
Authorized Distributor, contact 
your local sales office. 

To learn more about Honeywell’s 

sensing and control products,  

call +1-815-235-6847 or 

1-800-537-6945, visit  

sensing.honeywell.com,

or e-mail inquiries to  

info.sc@honeywell.com

005850-4-EN IL50
February 2015
© 2015 Honeywell International Inc. All rights reserved.

ADDITIONAL INFORMATION

The following associated literature is available at sensing.honeywell.com:
	 •	Product line guide

	 •	Product range guide

	 •	Product installation instructions

	 •	Application note

WARRANTY/REMEDY

Honeywell warrants goods of its manufacture as being free of 
defective materials and faulty workmanship. Honeywell’s standard 
product warranty applies unless agreed to otherwise by Honeywell 
in writing; please refer to your order acknowledgement or consult 
your local sales office for specific warranty details. If warranted 
goods are returned to Honeywell during the period of coverage, 
Honeywell will repair or replace, at its option, without charge 
those items it finds defective. The foregoing is buyer’s sole 
remedy and is in lieu of all other warranties, expressed or 
implied, including those of merchantability and fitness for 
a particular purpose. In no event shall Honeywell be liable 
for consequential, special, or indirect damages.

While we provide application assistance personally, through our 
literature and the Honeywell website, it is up to the customer to 
determine the suitability of the product in the application.

Specifications may change without notice. The information we 
supply is believed to be accurate and reliable as of this printing. 
However, we assume no responsibility for its use.

     WARNING
PERSONAL INJURY
DO NOT USE these products as safety or emergency stop 
devices or in any other application where failure of the product 
could result in personal injury.

Failure to comply with these instructions could result in 
death or serious injury.

     WARNING
MISUSE OF DOCUMENTATION
•	 The information presented in this product sheet is for 

reference only. Do not use this document as a product 
installation guide.

•	 Complete installation, operation, and maintenance 
information is provided in the instructions supplied with each 
product.

Failure to comply with these instructions could result in 
death or serious injury.
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Mouser Electronics
  

Authorized Distributor
 
  

Click to View Pricing, Inventory, Delivery & Lifecycle Information:
 
 
 
 Honeywell:   

  SS49E  SS49E-L  SS39ET  SS49E-F
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LCD-016N002B-CFH-ET
www.vishay.com Vishay

 

Revision: 18-Mar-13 1 Document Number: 37484

For technical questions, contact: displays@vishay.com
THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT

ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000

16 x 2 Character LCD
FEATURES
• Type: Character

• Display format: 16 x 2 characters

• Built-in controller: ST 7066 (or equivalent)

• Duty cycle: 1/16

• 5 x 8 dots includes cursor

• + 5 V power supply

• LED can be driven by pin 1, pin 2, or A and K

• N.V. optional for + 3 V power supply

• Optional: Smaller character size (2.95 mm x 4.35 mm)

• Material categorization: For definitions of compliance
please see www.vishay.com/doc?99912 

Note
• VSS = 0 V, VDD = 5.0 V

MECHANICAL DATA
ITEM STANDARD VALUE UNIT

Module Dimension 80.0 x 36.0 x 13.2 (max.)

mm

Viewing Area 66.0 x 16.0

Dot Size 0.55 x 0.65

Dot Pitch 0.60 x 0.70

Mounting Hole 75.0 x 31.0

Character Size 2.95 x 5.55

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL
STANDARD VALUE

UNIT
MIN. TYP. MAX.

Power Supply VDD to VSS - 0.3 - 13
V

Input Voltage VI VSS - VDD

ELECTRICAL CHARACTERISTICS

ITEM SYMBOL CONDITION
STANDARD VALUE

UNIT
MIN. TYP. MAX.

Input Voltage VDD VDD = + 5 V 4.5 5.0 5.5 V

Supply Current IDD VDD = + 5 V 1.0 1.2 1.5 mA

Recommended LC Driving
Voltage for Normal Temperature
Version Module

VDD to V0

- 20 °C - - 5.2

V

0 °C - - -

25 °C - 3.7 -

50 °C - - -

70 °C 3.1 - -

LED Forward Voltage VF 25 °C - 4.2 4.6 V

LED Forward Current - Array
IF 25 °C

- 100 -
mA

LED Forward Current - Edge - 20 40

EL Power Supply Current IEL VEL = 110 VAC, 400 Hz - - 5.0 mA

DISPLAY CHARACTER ADDRESS CODE
Display Position

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

DD RAM Address 00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F

DD RAM Address 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F

A Hojas de datos A.6 Hoja de datos pantalla LCD16D2

180 Mario Acevedo Eustaquio



LCD-016N002B-CFH-ET
www.vishay.com Vishay

 

Revision: 18-Mar-13 2 Document Number: 37484

For technical questions, contact: displays@vishay.com
THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT

ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000

INTERFACE PIN FUNCTION
PIN NO. SYMBOL FUNCTION

1 VSS Ground

2 VDD Supply voltage for logic

3 V0 Operating voltage for LCD

4 RS H: Data/L: Instruction code

5 R/W H: Read (MPU  Module)/L: Write (MPU  Module)

6 E H  L chip enable signal

7 DB0 Data bus line

8 DB1 Data bus line

9 DB2 Data bus line

10 DB3 Data bus line

11 DB4 Data bus line

12 DB5 Data bus line

13 DB6 Data bus line

14 DB7 Data bus line

15 A Supply power for LED+

16 R Supply power for Red-

17 G Supply power for Green-

18 B Supply power for Blue-

DIMENSIONS in millimeters
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1.Module Classification Information

� � � � � � � 	 

LCD  -016 N  002 B -C F H -ET

1. Brand Vishay Intertechnology, Inc.
2. Horizontal Format:  16 characters
3. Display Type N Character Type, H Graphic Type
4. Vertical Format:  2 Lines
5. Model serials no.:  B
6. Backlight 

Type
N Without backlight
B EL, Blue green
D EL, Green
W EL, White
F CCFL, White
Y LED, Yellow Green

A LED, Amber
R LED, Red
O LED, Orange
G LED, Green
T LED, White
C LED, RGB color

7. LCD 
Mode

B TN Positive, Gray        T FSTN Negative
N TN Negative,
G STN Positive, Gray
Y STN Positive, Yellow Green
M STN Negative, Blue
F FSTN Positive

8. LCD 
Polarize 
Type/ 
Temperatur
e range/ 
View 
direction

A Reflective, N.T, 6:00
D Reflective, N.T, 12:00
G Reflective, W. T, 6:00
J Reflective, W. T, 12:00
B Transflective, N.T,6:00
E Transflective, N.T.12:00

H Transflective, W.T,6:00
K Transflective, W.T,12:00
C Transmissive, N.T,6:00
F Transmissive, N.T,12:00
I Transmissive, W. T, 6:00
L Transmissive, W.T,12:00

9. Special 
Code

ET : English and European standard font
Compliant with the ROHS Directions and regulations
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(1)Avoid applying excessive shocks to the module or making any alterations or modifications to it.

2.Precautions in use of LCD Modules

(2)Don’t make extra holes on the printed circuit board, modify its shape or change the components of 
LCD module.

(3)Don’t disassemble the LCM.
(4)Don’t operate it above the absolute maximum rating.
(5)Don’t drop, bend or twist LCM.
(6)Soldering: only to the I/O terminals.
(7)Storage: please storage in anti-static electricity container and clean environment.

3

Item

.General Specification

Dimension Unit

Number of Characters 16 characters x 2 Lines

Module dimension 80.0 x 36.0 x 13.2(MAX) mm

View area 66.0 x 16.0 mm

Active area 56.2 x 11.5 mm

Dot size 0.55 x 0.65 mm

Dot pitch 0.60 x 0.70 mm

Character size 2.95 x 5.55 mm

Character pitch 3.55 x 5.95 mm

LCD type FSTN Positive, Transflective

Duty 1/16

View direction 6 o’clock

Backlight Type LED, Triple-color
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4

Item

.Absolute Maximum Ratings

Symbol Min Typ Max Unit

Operating Temperature T -20OP +70

Storage Temperature T -30ST +80

Input Voltage V VI SS V VDD

Supply Voltage For Logic VDD-V -0.3SS 7 V

Supply Voltage For LCD VDD-V -0.30 13 V

5

Item

.Electrical Characteristics

Symbol Condition Min Typ Max Unit

Supply Voltage For Logic VDD-VSS 4.5 5.0 5.5 V

Supply Voltage For LCD VDD-V

Ta=-20

0 Ta=25

Ta=70 3.1

3.7

5.2 V

V

V

Input High Volt. VIH 0.7 V VDD

Input Low Volt. VIL 0 0.6 V

Output High Volt. VOH 3.9 V VDD

Output Low Volt. VOL 0 0.4 V

Supply Current I VDD DD 1.0=5V 1.2 1.5 mA
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6

Item

.Optical Characteristics

Symbol Condition Min Typ Max Unit

View Angle
(V) CR 5 30 60 deg

(H) CR 5 -45 45 deg

Contrast Ratio CR 5

Response Time
T rise 150 200 ms

T fall 150 200 ms

Definition of Operation Voltage (Vop)         Definition of Response Time ( Tr , Tf )

                           

Driving Voltage(V)

Intensity

Cr Max

100

Vop

Selected Wave

Non-selected Wave

[positive type]

Cr = Lon / Loff

Intensity

90
100

Tr

10

Tf

Non-selected
Conition

Non-selected
ConitionSelected Conition

[positive type]

Conditions :
Operating Voltage : Vop Viewing Angle( ) : 0 0
Frame Frequency : 64 HZ Driving Waveform : 1/N duty , 1/a bias

Definition of viewing angle(CR 2)

f
= 180

= 90

= 0

= 270

b

rl
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7

Pin No.

.Interface Pin Function

Symbol Level Description

1 V 0VSS Ground

2 V 5.0VDD Supply Voltage for logic

3 VO (Variable) Operating voltage for LCD

4 RS H/L H: DATA, L: Instruction code

5 R/W H/L H: Read(MPU Module) L: Write(MPU Module)

6 E H,H L Chip enable signal

7 DB0 H/L Data bus line

8 DB1 H/L Data bus line

9 DB2 H/L Data bus line

10 DB3 H/L Data bus line

11 DB4 H/L Data bus line

12 DB5 H/L Data bus line

13 DB6 H/L Data bus line

14 DB7 H/L Data bus line

15 A Supply power for LED +

16 R Supply power for Red -

17 G Supply power for Green -

18 B Supply power for Blue -
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8

G
R
B
A

11.8

7.9

7.
62

14
.1

9

12
12

A
B
R
G

Component  Side

LED B/L

17
18

R
G
B

A
B
R
G

13.2Max
8.6

3.55

0.
4

5.
95 5.
55 0.

7
0.

65

0.62.95
0.6

0.55

1.6

2.
5

18
.3

40.55

18- 1.0 PTH1.8
P2.54*17=43.188.0

Vdd
Vo

R/W
E

RS

2
3

5
6

4

DB1
DB2
DB3
DB4

9
8

10
11

7 DB0

1 Vss

DB6
DB7

A

13
14

16
15

12 DB5

The non-specified tolerance of dimension is ¡ Ó0.3 mm .

75.02.5

36
.0

0.
5

25
.2

5.
7

11
.5

(A
A

)
16

.0
(V

A
)

10
.3

12
.5

5

7.55
12.45

SCALE 5/1
DOT SIZE

4- 2.5 PTH
4- 5.0 PAD

2.
5

4.95
80.0 0.5

66.0(VA)
56.2(AA)

71.2

31
.0

.Contour Drawing &Block Diagram

00
40

01
41

02
42

03
43

04
44

05
45

06
46

07
47

08
48

09
49

0A
4A

0B
4B

0C
4C

0D
4D

0E
4E

0F
4F

31 2 4 5 6 7 8 9 10 141211 13 1615Character located

DDRAM address
DDRAM address

MPU

80 series

RS
R/W
E
DB0~DB7

or
68 series

Controller/Com Driver
ICST7066U-OT-BC 16X2 LCD

Com1~16

Seg1~40

D Seg Driver

M
CL1
CL2

or
Equivalent

Seg41~80

Vdd,Vss,V1~V5

B
ia

s a
nd

Po
w

er
 C

irc
ui

t
G

en
er

at
or

N
.V

.

Optional

Vdd
VoVR

10K~20K

Vee

External contrast adjustment.
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9

The LCD display Module is built in a LSI controller, the controller has two 8-bit registers, an 
instruction register (IR) and a data register (DR).

.Function Description

The IR stores instruction codes, such as display clear and cursor shift, and address information for 
display data RAM (DDRAM) and character generator (CGRAM). The IR can only be written from the 
MPU.  The DR temporarily stores data to be written or read from DDRAM or CGRAM.  When 
address information is written into the IR, then data is stored into the DR from DDRAM or CGRAM.  
By the register selector (RS) signal, these two registers can be selected.

RS R/W Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DB0 to DB7)

1 0 Write data to DDRAM or CGRAM (DR to DDRAM or CGRAM)

1 1 Read data from DDRAM or CGRAM (DDRAM or CGRAM to DR)

Busy Flag (BF)
When the busy flag is 1, the controller LSI is in the internal operation mode, and the next instruction 
will not be accepted.  When RS=0 and R/W=1, the busy flag is output to DB7.  The next instruction 
must be written after ensuring that the busy flag is 0.

Address Counter (AC)
The address counter (AC) assigns addresses to both DDRAM and CGRAM

Display Data RAM (DDRAM)
This DDRAM is used to store the display data represented in 8-bit character codes.  Its extended 
capacity is 80 8 bits or 80 characters.  Below figure is the relationship between DDRAM addresses 
and positions on the liquid crystal display.

AC
(hexadecimal)

High bits Low bits

AC6 AC5 AC4 AC3 AC2 AC1 AC0 1 0 0 1 1 1 0

Example: DDRAM addresses 4E
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Character Generator ROM (CGROM)
The CGROM generate 5 8 dot or 5 10 dot character patterns from 8-bit character codes. See Table 2.

Character Generator RAM (CGRAM)
In CGRAM, the user can rewrite character by program. For 5 8 dots, eight character patterns can be 
written, and for 5 10 dots, four character patterns can be written.
Write into DDRAM the character code at the addresses shown as the left column of table 1. To show 
the character patterns stored in CGRAM.

Display position DDRAM address

00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F
40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F

2-Line by 16-Character Display

1  2   3   4   5   6   7   8   9  10  11  12  13  14  15  16
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Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character patterns

Table 1.

For 5 * 8 dot character patterns

Character Codes
( DDRAM data ) CGRAM Address Character Patterns

( CGRAM data )

5 4 3 2 1 067 5 4 3 2 01 7 6 5 4 3 2 1 0

0 0 0
00 1
10 0
10 1
01 0
01 1
11 0
11 1
00 0
00 1
10 0
10 1
01 0
01 1
11 0
11 1
00 0
00 1

01 0
01 1
11 0
11 1

* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * * 0 0 0 0 0
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * * 0 0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0
0 0 0
0 0 0

0

0 0 0

00 1

* * *

* * *

1 1 10 0 0 0 * 1 1 1

0 0 0 0 * 0 0 0

0 0 0 0 * 0 0 1

High         Low High         Low High       Low

For 5 * 10 dot character patterns
Character Codes
( DDRAM data ) CGRAM Address Character Patterns

( CGRAM data )

7

High         Low

456 3 2 1 0

High         Low

5 4 3 2 1 0

High         Low

7 6 5 4 123 0

* * * 0 0 0 0 0
0 0 0 0 0* * *

* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *
* * *

* * * * * * * *

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0

1 1 1 1

0 0 0 0 0

0 0 0 0 * 0 0 0 0 0

0 0
0 0

0 0 0
0 0 0

0
0 0 0 0
0 0 0 0
0 0 0 0

Character
pattern( 1 )

Cursor pattern

Character
pattern( 2 )

Cursor pattern

Character
pattern

Cursor pattern

: " High "
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10
Table.2

.Character Generator ROM Pattern

LLLL LLLH LLHL LLHH LHLL LHLH LHHL LHHH HLLL HLLH HLHL HLHH HHLL HHLH HHHL

Upper
4 bit

Lower
4 bit

LLLL

LLLH

LLHL

LLHH

LHLL

LHLH

LHHL

LHHH

HLLL

HLLH

HLHL

HLHH

HHLL

HHLH

HHHL

HHHH

HHHH

 CG
RAM
 ( 1 )

 CG
RAM
 ( 2 )

 CG
RAM
 ( 3 )

 CG
RAM
 ( 4 )

 CG
RAM
 ( 5 )

 CG
RAM
 ( 6 )

 CG
RAM
 ( 7 )

 CG
RAM
 ( 8 )

 CG
RAM
 ( 1 )

 CG
RAM
 ( 2 )

 CG
RAM
 ( 3 )

 CG
RAM
 ( 4 )

 CG
RAM
 ( 5 )

 CG
RAM
 ( 6 )

 CG
RAM
 ( 7 )

 CG
RAM
 ( 8 )
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11

Instruction

.Instruction Table

Instruction Code
Description Execution time

(fosc=270Khz)
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Clear Display 0 0 0 0 0 0 0 0 0 1 Write “00H” to DDRAM and set 
DDRAM address to “00H” from AC

1.53ms

Return Home 0 0 0 0 0 0 0 0 1

Set DDRAM address to “00H” from AC 
and return cursor to its original position 
if shifted. The contents of DDRAM are 
not changed.

1.53ms

Entry Mode 
Set

0 0 0 0 0 0 0 1 I/D SH Assign cursor moving direction and 
enable the shift of entire display.

39 s

Display 
ON/OFF 
Control

0 0 0 0 0 0 1 D C B Set display (D), cursor (C), and blinking 
of cursor (B) on/off control bit.

39 s

Cursor or 
Display Shift

0 0 0 0 0 1 S/C R/L
Set cursor moving and display shift 
control bit, and the direction, without 
changing of DDRAM data.

39 s

Function Set 0 0 0 0 1 DL N F

Set interface data length 
(DL:8-bit/4-bit), numbers of display line 
(N:2-line/1-line)and, display font type 
(F:5 11 dots/5 8 dots)

39 s

Set CGRAM 
Address

0 0 0 1 AC5 AC4 AC3 AC2 AC1 AC0 Set CGRAM address in address counter. 39 s

Set DDRAM 
Address

0 0 1 AC6 AC5 AC4 AC3 AC2 AC1 AC0 Set DDRAM address in address counter. 39 s

Read Busy 
Flag and 
Address

0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 AC0

Whether during internal operation or not 
can be known by reading BF. The 
contents of address counter can also be 
read.

0 s

Write Data to 
RAM

1 0 D7 D6 D5 D4 D3 D2 D1 D0 Write data into internal RAM 
(DDRAM/CGRAM).

43 s

Read Data 
from RAM

1 1 D7 D6 D5 D4 D3 D2 D1 D0 Read data from internal RAM 
(DDRAM/CGRAM).

43 s

” ” don’t care
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12.
12.1 Write Operation

Timing Characteristics

Ta=25 , VDD=5 V

Item Symbol Min Typ Max Unit

Enable cycle time T 1200C ns

Enable pulse width TPW 140 ns

Enable rise/fall time TR,TF 25 ns

Address set-up time (RS, R/W to E) t 0AS ns

Address hold time t 10AH ns

Data set-up time t 40DSW ns

Data hold time t 10H ns
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12.2 Read Operation

Ta=25 , VDD=5

Item Symbol Min Typ Max Unit

Enable cycle time T 1200C ns

Enable pulse width (high level) TPW 140 ns

Enable rise/fall time TR,TF 25 ns

Address set-up time (RS, R/W to E) t 0AS ns

Address hold time t 10AH ns

Data delay time tDDR 100 ns

Data hold time t 10H ns
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0

0

R/W

0
0

R/W

0

R/W

0

0

0

0

0
R/W

0
R/W

Wait for more than 40 ms after VDD rises to 4.5 V

R/W

0

RS

RS
0

0
0

RS
0
0

0

RS
0

0
0

RS

RS
0

 Display Clear 

Entry Mode Set 

Display ON/OFF control

4-Bit Ineterface

Initialization ends

0 1 SHI/D * ** *

Wait for more than 37 µs

DB3

Wait for more than 1.53ms

DB3

DB3

DB4DB6DB7 DB5

DB5DB7
0

DB6
0

0
0

0
0

DB4
00 *

0
10

0
*
*

DB5DB7
0
1

0
D

DB6

B
0

DB4
0
C

*
*

DB2 DB1 DB0
*

DB0
*

*

DB1DB2
* *

*
*

*
*

*
*

DB0DB1
*
*

DB2
*
*

BF can not be checked before this instruction.

BF can not be checked before this instruction.

Function set 

Function set 
BF can not be checked before this instruction.

Wait for more than 37us

DB3

Wait for more than 39 µs

DB3

Wait for more than 39us

DB5

FN

DB7
0

DB6
0

** *
0

DB4
1 *

DB5
0 0
N F

DB7 DB6
*1 0

** *

DB4

*
*

DB0

**

DB1DB2
* * Function set 

*

DB0
***

* *

DB1DB2

DB3DB5DB7
0 0

DB6
1

DB4
1 *

Power on

*
DB0DB1

*
DB2

*

13.Initializing of LCM
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Power on

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

Wait for more than 40 ms after VDD rises to 4.5 V

Wait for more than 39us

1
DB4DB6

0
DB5

1
DB1DB2DB3

F * *
DB0

DB4DB7RS R/W DB6 DB5 DB1DB2DB3 DB0
0 0 0 0 0 0 1 B C D

Initialization ends

BF can not be checked before this instruction.
Function set 

Function set 

BF can not be checked before this instruction.

8-Bit Ineterface

Wait for more than 37us

Display ON/OFF control

00 0 0 11 *F *

00 0

R/W
0

R/W
0

0
RS

RS
0

Entry Mode Set DB3

Wait for more than 1.53ms

00 000
DB5DB7 DB6 DB4

I/D1 S
DB0DB1DB2

 Display Clear DB3

Wait for more than 37 µs

DB5DB7
0 0

DB6 DB4
00 0

DB0
1

DB1
0

DB2
0

RS R/W DB7

N

N
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Content of Reliability Test (wide temperature, -20 ~70 )

14.Reliability

Note1: No dew condensation to be observed.
Note2: The function test shall be conducted after 4 hours storage at the normal 

Temperature and humidity after remove from the test chamber.
Note3: Vibration test will be conducted to the product itself without putting it in a container.

Environmental Test
Test Item Content of Test Test Condition Note

High Temperature 
storage

Endurance test applying the high storage 
temperature for a long time.

80
200hrs 2

Low Temperature
storage

Endurance test applying the high storage 
temperature for a long time.

-30
200hrs 1,2

High Temperature
Operation

Endurance test applying the electric stress 
(Voltage & Current) and the thermal stress to the 
element for a long time.

70
200hrs ——

Low Temperature
Operation

Endurance test applying the electric stress under 
low temperature for a long time.

-20
200hrs 1

High Temperature/
Humidity Operation

The module should be allowed to stand at 60
,90%RH max

For 96hrs under no-load condition excluding the 
polarizer, 
Then taking it out and drying it at normal 
temperature.

60 ,90%RH
96hrs 1,2

Thermal shock 
resistance

The sample should be allowed stand the 
following 10 cycles of 
operation

-20 25 70

30min   5min   30min
1 cycle

-20 /70
10 cycles ——

Vibration test Endurance test applying the vibration during 
transportation and using.

Total fixed 
amplitude : 1.5mm
Vibration 
Frequency : 
10~55Hz
One cycle 60 
seconds to 3 
directions of X,Y,Z
for Each 
15 minutes

3

Static electricity test Endurance test applying the electric stress to the 
terminal.

VS=800V,RS=1.5k

CS=100pF
1 time

——
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Specification

15.Backlight Information

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITION

Supply Current ILED

R 20

25

25

24

30

30

28

34

34

mA V=5.0VG

B

Supply Voltage V 4.9 5.0 5.1 V

Reverse Voltage VR 7.0 V

Luminous 

Intensity
IV

R 32

140

22

40

180

28

CD/M

ILED(red)=24mA
2 ILED(green)=30mA

ILED(blue)=30mA

G

B

Wave Length �

R
620
515
465

625
520
470

630
525
475

nmG

B

Life Time

R

G

B

80K

40K

40K

100K

50K

50K

Hr.
ILED 15mA

For each LED Lamp

Color Red, Green, Blue

Note:
1. The LED B/L of “triple color” is designed for voltage driving, user have to follow

The drive voltage that can make driving current in safety range (current between
minimum and maximum).

2. Owing to having 3 chips in one LED lamp, which caused many combinations of 
different wave length. This situation will caused wave length shifting while driving 
2 colors or more in the same time.

3. The luminous intensity is measured on B/L surface only.
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1 Backlight Drive Method

Red Green BlueLED
B/L

A

Control(red) Control(grn) Control(blue)

The driving circuit of suggestion is showed as above, owing to B/L being designed
In parallel mode, so user can use transistor FET or TRIC to control.
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16. Inspection specification

NO Item Criterion AQL

01 Electrical
Testing

1.1 Missing vertical, horizontal segment, segment contrast defect. 
1.2 Missing character , dot or icon.
1.3 Display malfunction.
1.4 No function or no display.
1.5 Current consumption exceeds product specifications.
1.6 LCD viewing angle defect.
1.7 Mixed product types.
1.8 Contrast defect.

0.65

02
Black or white 
spots on LCD 
(display only)

2.1 White and black spots on display 0.25mm, no more than 
three white or black spots present.

2.2 Densely spaced: No more than two spots or lines within 3mm
2.5

03

LCD black 
spots, white 

spots, 
contamination 
(non-display)

3.1 Round type : As following drawing

2.5

3.2 Line type : (As following drawing)
Length Width Acceptable Q TY

--- W Accept no dense
L 0.02 W

2L 0.03 W
--- 0.05 W As round type

2.5

04 Polarizer 
bubbles

If bubbles are visible, 
judge using black spot 
specifications, not easy 
to find, must check in 
specify direction.

Size Acceptable Q TY
Accept no dense

3
2
0

Total Q TY 3

2.5
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NO Item Criterion AQL
05 Scratches Follow NO.3 LCD black spots, white spots, contamination

06 Chipped 
glass

Symbols Define:
x: Chip length      y: Chip width     z: Chip thickness
k: Seal width       t: Glass thickness  a: LCD side length
L: Electrode pad length:

6.1 General glass chip :
6.1.1 Chip on panel surface and crack between panels:

2.5
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NO Item Criterion AQL

06 Glass 
crack

x: Chip length      y: Chip width     z: Chip thickness
k: Seal width       t: Glass thickness  a: LCD side length
L: Electrode pad length
6.2 Protrusion over terminal :
6.2.1 Chip on electrode pad :

2.5
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NO Item Criterion AQL

07 Cracked glass 2.5

08 Backlight 
elements

0.65
2.5

0.65

09 Bezel 2.5
0.65

10 PCB COB

The height of the COB should not exceed the height 
indicated in the assembly diagram.

10.4 There may not be more than 2mm of sealant outside the 
seal area on the PCB. And there should be no more than 
three places.

10.5 No oxidation or contamination PCB terminals.
10.6 Parts on PCB must be the same as on the production 

characteristic chart. There should be no wrong parts, 
missing parts or excess parts.

10.7 The jumper on the PCB should conform to the product 
characteristic chart.

10.8 If solder gets on bezel tab pads, LED pad, zebra pad or 
screw hold pad, make sure it is smoothed down.
The Scraping testing standard for Copper Coating of PCB

    Y
X

X * Y<=2mm2

2.5

2.5
0.65

2.5

2.5
0.65

0.65

2.5

2.5

11 Soldering 

2.5
2.5

2.5
0.65
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NO Item Criterion AQL

12 General 
appearance

2.5

0.65
2.5
2.5
2.5

2.5

2.5
0.65
0.65
0.65

0.65
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE 
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE. 

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively, 
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other 
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or 
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all 
liability arising out of the application or use of any product, (ii) any and all liability, including without limitation special, 
consequential or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular 
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical 
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements 
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular product 
with the properties described in the product specification is suitable for use in a particular application. Parameters provided in 
datasheets and / or specifications may vary in different applications and performance may vary over time. All operating 
parameters, including typical parameters, must be validated for each customer application by the customer's technical experts. 
Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase, including but not limited 
to the warranty expressed therein.

Hyperlinks included in this datasheet may direct users to third-party websites. These links are provided as a convenience and 
for informational purposes only. Inclusion of these hyperlinks does not constitute an endorsement or an approval by Vishay of 
any of the products, services or opinions of the corporation, organization or individual associated with the third-party website. 
Vishay disclaims any and all liability and bears no responsibility for the accuracy, legality or content of the third-party website 
or for that of subsequent links.

Vishay products are not designed for use in life-saving or life-sustaining applications or any application in which the failure of 
the Vishay product could result in personal injury or death unless specifically qualified in writing by Vishay. Customers using or 
selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please contact authorized 
Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by 
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

© 2025 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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Features
■ Multiturn / Cermet / Industrial / Sealed
■ 5 terminal styles
■ Tape and reel packaging available
■ Chevron seal design
■ Listed on the QPL for style RJ24 per  
 MIL-R-22097 and RJR24 per High-Rel  
 Mil-R-39035

■ Mounting hardware available  
 (H-117P)
■ RoHS compliant* version available
■ For trimmer applications/processing  
 guidelines, click here

   3296 - 3/8 ” Square Trimpot® Trimming Potentiometer

†“Fluorinert” is a registered trademark of 3M Co.

  Electrical Characteristics
Standard Resistance Range
  ......................10 ohms to 2 megohms
  (see standard resistance table)
Resistance Tolerance ........... ±10 % std.
  (tighter tolerance available)
Absolute Minimum Resistance
  ........................... 1 % or 2 ohms max.
  (whichever is greater)
Contact Resistance Variation
  ........................ 1.0 % or 3 ohms max.
  (whichever is greater)
Adjustability
 Voltage .................................. ±0.01 %
 Resistance ............................ ±0.05 %
Resolution ...................................
Insulation Resistance ............... 500 vdc.
  1,000 megohms min.
Dielectric Strength
 Sea Level................................ 900 vac
 70,000 Feet ............................ 350 vac

 .................25 turns nom.

  Environmental Characteristics
Power Rating (300 volts max.)
 70 °C ......................................0.5 watt
 125 °C .......................................0 watt
Temperature Range ... -55 °C to +125 °C

 ... ±100 ppm/°C
Seal Test ......................85 °C Fluorinert†
Humidity .......MIL-STD-202 Method 103
  96  hours 
  (2 % ΔTR, 10 Megohms IR)
Vibration ....... 20 G (1 % ΔTR; 1 % ΔVR)
Shock ......... 100 G (1 % ΔTR; 1 % ΔVR)
Load Life ..1,000 hours 0.5 watt @ 70 °C
  (3 % ΔTR; 3 % or 3 ohms,
  whichever is greater, CRV)
Rotational Life .......................200 cycles
  (4 % ΔTR; 3 % or 3 ohms,
  whichever is greater, CRV)
Moisture Sensitivity Level .................N/A

 .....................2

  Physical Characteristics
Torque ............................. 3.0 oz-in. max.
Mechanical Stops .................Wiper idles
Terminals .......................Solderable pins
Weight ....................................... 0.03 oz.
Marking ...........................Manufacturer’s
  trademark, resistance code, wiring
  diagram, date code, mfr’s. model
   number and style
Wiper ............... 50 % (Actual TR) ±10 %
Flammability ..........................U.L. 94V-0
Standard Packaging .....50 pcs. per tube
Adjustment Tool ..............................H-90

Product Dimensions

1 3 CW

CLOCKWISE

CCW

2 WIPER

 How To Order

3296  W - 1 - 103  __  LF
Model

Style

 
Product Indicator 
 -1 =  Standard Product

Resistance Code

Packaging Designator 
 Blank = Tube (Standard) 
 R = Tape and Reel (X and W Pin Styles  
  Only) 
 A = Ammo Pack (X and W Pin Styles Only)
Tape and reel material meets Antistatic  
ANSI/ESD 5541-2003 packaging standards. 

Terminations 
 LF = 100 % Tin-plated (RoHS compliant) 
 Blank = 90 % Tin / 10 % Lead-plated 
  (Standard)

Consult factory for other available options.

Standard Resistance Table

 Resistance Resistance 
 (Ohms) Code
 10 100 
 20 200 
 50 500 
 100 101 
 200 201 
 500 501 
 1,000 102 
 2,000 202 
 5,000 502 
 10,000 103 
 20,000 203 
 25,000 253 
 50,000 503 
 100,000 104 
 200,000 204 
 250,000 254 
 500,000 504 
 1,000,000 105 
 2,000,000 205

TOLERANCES: ± 0.25       EXCEPT WHERE NOTED
 (.010)

DIMENSIONS: MM
 (INCHES)

Popular values listed in boldface. Special  
resistances available.

Common Dimensions

1.27 ± 0.1
(.050 ± .004)

4.83 ± .13
(.190 ± .005)

9.53
(.375)

1.27 ± 0.1
(.050 ± .004)

5.23
(.206)

2

3

1

2
3

1

2.41
(.095)

2
3

1

6.4 ± 1.32
(.252 ± .052)2.54

(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.41
(.095)

10.03
(.395)

1.52
(.060)

.38
(.015)

6.40 ± 1.32
(.252 ± .052)

.51 ± .03
(.020 ± .001)

2.54
(.100)

2.54
(.100)

MIN.

DIA.

ADJ. SLOT
 2.19
(.086)
 .56
(.022)
  .76
(.030) 

WIDEX

X DEEP

DIA.

3296P

3296W

3296X

1
2
3

1.14
(.045)

2
3

1

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

2.54
(.100)

1.14
(.045)

3296Y

3296Z 

*R
oH

S COMPLIA
NT

VER
SIO

NS

AVAILA
BLE

*RoHS Directive 2002/95/EC Jan. 27, 2003 including annex and RoHS Recast 2011/65/EU June 8, 2011. 
Specifications are subject to change without notice. Users should verify actual device performance in their specific 
applications. The products described herein and this document are subject to specific legal disclaimers as set forth on the 
last page of this document, and at www.bourns.com/docs/legal/disclaimer.pdf.

WARNING
Cancer and Reproductive Harm 
www.P65Warnings.ca.gov
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 “Trimpot” is a registered trademark of Bourns, Inc.
Specifications are subject to change without notice.
Users should verify actual device performance in their specific applications. 
The products described herein and this document are subject to specific legal disclaimers as set forth on the last page of this document, and at www.bourns.com/docs/legal/disclaimer.pdf.

 3296 - 3/8 ” Square Trimpot® Trimming Potentiometer

SIDE ADJUST
3296X-1

18 ± .76
(.709 ± .030)

8.89 + .76 /- .51
(.350 + .030 /- .020)

28.07 ± .76
(1.105 ± .030)

3.81 ± .71
(.15 ± .028)

1
23

4.83 + .30/ -.25
(.190 + .012/ -.010)

2.41 ± .25
(.095 ± .010)

12.70
(.500)

REF.

12.7 + 0.3/ - 0.25
(.500 + .012/ - .010)

18 + 1.0/ - 0.5
(709 + .040/ - .020)

4.0 ± .03
(.157 ± .001)

DIA.

ALL PINS IN-LINE ON            CENTER

DIMENSIONS:

1000/REEL/BOX

2.54
(.100) 

MM
(INCHES) 

12.70
(.500)

TOP ADJUST
3296W-1

29.59 ± .76
(1.165 ± .030)

1
23

REF.

4.83 + .30/ -.25
(.190 + .012/ -.010)

2.41 ± .25
(.095 ± .010)

18 ± .76
(.709 ± .030)

4.0 ± .03
(.157 ± .001)

DIA.
12.7 + 0.3/ - 0.25

(.500 + .012/ - .010)

18 + 1.0/ - 0.5
(709 + .040/ - .020)

8.89 + .76 /- .51
(.350 + .030 /- .020)

3.81 ± .71
(.150 ± .028)

.51 ± .051
(020 ± .002) DIA. TYP.

(.100)
2.54 

ALL PINS IN-LINE ON            CENTER

DIMENSIONS:

1000/REEL/BOX

2.54
(.100) 

MM
(INCHES) 

REV. 06/18
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 Legal Disclaimer Notice

This legal disclaimer applies to purchasers and users of Bourns® products manufactured by or on behalf of Bourns, Inc. and 

Unless otherwise expressly indicated in writing, Bourns® products and data sheets relating thereto are subject to change 

and complete before placing orders for Bourns® products.

The characteristics and parameters of a Bourns® product set forth in its data sheet are based on laboratory conditions, and 
statements regarding the suitability of products for certain types of applications are based on Bourns’ knowledge of typical 
requirements in generic applications.  The characteristics and parameters of a Bourns®

® product with other components 
® 

the actual performance of the Bourns®

 

® product as meeting the requirements of a particular industry 

®

of Bourns® products are responsible for ensuring compliance with safety-related requirements and standards applicable to 

Bourns®

on a case-by-case basis, use of any Bourns®

®

®

® 

®

Bourns®

® standard products that are suitable for use in aircraft 

® standard 

the user’s sole risk.

® custom products shall be negotiated on a case-by-case basis by Bourns 
and the user for which such Bourns®

® standard products shall 
also apply to such Bourns® custom products.

Users shall not sell, transfer, export or re-export any Bourns®

Bourns®

 
® products and Bourns technology and technical data may not under any circumstance be 

exported or re-exported to countries subject to international sanctions or embargoes.  Bourns® products may not, without 
 

bilingual versions are available at:
  Web Page: http://www.bourns.com/legal/disclaimers-terms-and-policies
           PDF: http://www.bourns.com/docs/Legal/disclaimer.pdf
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Anexo C

PCB

C.1 Pistas de cobre de la cara superior
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C.2 Pistas de cobre de la cara inferior C PCB

C.2 Pistas de cobre de la cara inferior

Mario Acevedo Eustaquio 215



C PCB C.2 Pistas de cobre de la cara inferior
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C.3 Serigraf́ıa C PCB

C.3 Serigraf́ıa
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C PCB C.3 Serigraf́ıa
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C.4 Contorno de la PCB C PCB

C.4 Contorno de la PCB
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C PCB C.4 Contorno de la PCB
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Anexo D

Códigos Arduino IDE

D.1 Sensor BME280

1 // Sensor BME280 que mide Temperatura , Humedad y P r e s i n
2 //Conexiones Raspberry Pi Pico W
3 //Conectar SDA −−> pin 11
4 //Conectar SCL −−> pin 12
5 //Conectar VCC y CSB −−> pin 36
6 //Conectar GND y SDO −−> pin 38
7

8

9 #inc lude <Wire . h>
10 #inc lude <Adaf ru i t Sensor . h>
11 #inc lude <Adafruit BME280 . h>
12

13 #de f i n e I2C SDA 8 // GP8 − PIN 11
14 #de f i n e I2C SCL 9 // GP9 − PIN 12
15

16 Adafruit BME280 bme ; // Crea e l ob j e to de l s enso r
17

18 void setup ( ) {
19 S e r i a l . begin (115200 ) ;
20 Wire . setSDA( I2C SDA) ;
21 Wire . setSCL ( I2C SCL) ;
22 Wire . begin ( ) ;
23

24 i f ( ! bme . begin (0x76 ) ) {
25 S e r i a l . p r i n t l n ( ”Error : No se e n c o n t r e l BME280 . ” ) ;
26 whi le (1 ) ;
27 }
28

29 S e r i a l . p r i n t l n ( ”BME280 detectado correctamente . ” ) ;
30 }
31

32 void loop ( ) {
33 S e r i a l . p r i n t ( ”Temperatura : ” ) ;
34 S e r i a l . p r i n t (bme . readTemperature ( ) ) ;
35 S e r i a l . p r i n t l n ( ” C ” ) ;
36

37 S e r i a l . p r i n t ( ”Humedad : ” ) ;
38 S e r i a l . p r i n t (bme . readHumidity ( ) ) ;
39 S e r i a l . p r i n t l n ( ” %” ) ;
40
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41 S e r i a l . p r i n t ( ” P r e s i n : ” ) ;
42 S e r i a l . p r i n t (bme . readPres sure ( ) / 100.0F) ;
43 S e r i a l . p r i n t l n ( ” hPa” ) ;
44

45 S e r i a l . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−” ) ;
46 delay (2000 ) ;
47 }

Listing D.1: Código sensor BME280.
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D.2 Sensor GUVA-S12SD D Códigos Arduino IDE

D.2 Sensor GUVA-S12SD

1 // Sensor GUVA−S12SD que mide ndice UV
2 //Conexiones Raspberry Pi Pico W
3 //Conectar SIG −−> pin 31
4 //Conectar VCC −−> pin 36
5 //Conectar GND −−> pin 38
6

7 #de f i n e UV SENSOR PIN 26 // GPIO26 = ADC0
8 #de f i n e FACTORCONVERSION 7.64 // Curva ha l l ada ( f a l t a r e s t a r 1 . 97 )
9

10 void setup ( ) {
11 S e r i a l . begin (115200 ) ;
12 }
13

14 void loop ( ) {
15 i n t uv raw = analogRead (UV SENSOR PIN) ;
16 uv = ( uv raw / 1023 ) ∗ 3.3 ∗ FACTORCONVERSION − 1.97 ;
17 St r ing r i e s g o uv ;
18 i f ( uv < 3 ) {
19 r i e s g o uv = ”Bajo” ;
20 } e l s e i f ( uv >= 3 && uv < 6 ) {
21 r i e s g o uv = ”Moderado” ;
22 } e l s e i f ( uv >= 6 && uv < 8 ) {
23 r i e s g o uv = ”Alto ” ;
24 } e l s e i f ( uv >= 8 && uv < 11 ) {
25 r i e s g o uv = ”Muy Alto ” ;
26 } e l s e {
27 r i e s g o uv = ”Extremo” ;
28 }
29

30 S e r i a l . p r i n t ( ”Lectura ADC: ” ) ;
31 S e r i a l . p r i n t ( uv raw ) ;
32 S e r i a l . p r i n t l n ( ” V ” ) ;
33

34 S e r i a l . p r i n t ( ” ndice UV: ” ) ;
35 S e r i a l . p r i n t ( uv ) ;
36 S e r i a l . p r i n t l n ( ” UVI” ) ;
37

38 S e r i a l . p r i n t ( ”Riesgo ” ) ;
39 S e r i a l . p r i n t l n ( r i e s g o uv ) ;
40

41 S e r i a l . p r i n t l n ( ”−−−−−−−−−−−−−−−−−−−−−” ) ;
42

43 delay (1000 ) ;
44 }

Listing D.2: Código sensor GUVA-S12SD.
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D.3 Veleta D Códigos Arduino IDE

D.3 Veleta

1 // ETIQUETA VELETA APUNTA AL NORTE! ! ! y acordar se de poner
r e s i t e n c i a

2

3 //Veleta ZTS−3000−FXJT−V05−360
4 //Conexiones Raspberry Pi Pico W
5 //Conectar Negro −−> GND OUT Conversor y P a t i l l a (1 ) Re s i s t en c i a 270

6 //Conectar Marron −−> VOUT Conversor
7 //Conectar Amari l lo −−> GND OUT Conversor y P a t i l l a (1 ) Re s i s t en c i a

270
8 //Conectar Azul −−> pin 32 y Pa t i l l a (2 ) Re s i s t en c i a 270
9

10 //Converos a 10 Vo l t i o s
11 //GND IN −−> pin 38
12 //VIN −−> pin 36
13 //GND OUT −−> Negro y Amari l lo Veleta y RES1
14 //VOUT −−> Marron Veleta
15

16

17 const i n t p inVeleta = 27 ; // GP27 es ADC1
18

19 void setup ( ) {
20 S e r i a l . begin (115200 ) ;
21 }
22

23 void loop ( ) {
24 i n t l e c t u r a = analogRead ( p inVe leta ) ; // Leer s e a l a n a l g i c a

(0−800 en Pico ) 0/800 norte 0 , 200 e s t e s 90 , 400 sur 180 , 600
oe s t e 270 ETIQUETA APUNTA AL NORTE! ! !

25 f l o a t v o l t a j e = l e c t u r a ∗ (3.3 / 800.0 ) ; // Convert i r a v o l t a j e no
se muy bien s i e s 800 o 4095

26

27

28 // Convertimos a grados
29 f l o a t grados = l e c t u r a ∗ (360.0 / 800.0 ) ;
30

31

32 S e r i a l . p r i n t ( ”Valor ADC: ” ) ;
33 S e r i a l . p r i n t ( l e c t u r a ) ;
34 S e r i a l . p r i n t ( ” − Vol ta j e : ” ) ;
35 S e r i a l . p r i n t ( v o l t a j e ) ;
36 S e r i a l . p r i n t ( ” − Grados : ” ) ;
37 S e r i a l . p r i n t l n ( grados ) ;
38

39 i f ( grados > 350 | | grados < 10 ) S e r i a l . p r i n t ( ”NORTE” ) ;
40 i f ( grados > 80 && grados < 100 ) S e r i a l . p r i n t ( ”ESTE” ) ;
41 i f ( grados > 170 && grados < 190 ) S e r i a l . p r i n t ( ”SUR” ) ;
42 i f ( grados > 260 && grados < 280 ) S e r i a l . p r i n t ( ”OESTE” ) ;
43

44 delay (500 ) ; // Leer cada medio segundo
45 }

Listing D.3: Código veleta.
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D.4 Anemómetro D Códigos Arduino IDE

D.4 Anemómetro

1 // Sensor de e f e c t o Hal l SS49E que mide l a ve l o c idad de l v i ento
2 //Conexiones Raspberry Pi Pico W
3 //Conectar VCC (1) −−> pin 36
4 //Conectar GND (2) −−> pin 38
5 //Conectar Vout (3 ) −−> pin 26
6

7

8 // De f i n i c i o n e s
9 const i n t pinAnemometro = 20 ; // Pin GPIO para e l s enso r Hal l

10 const f l o a t CALIBRATIONFACTORANEMOMETRO = 0.0377 ; // Factor de
c a l i b r a c i n 2∗ pi ∗ r ∗60/1000 ( r =0.1)

11 const unsigned long REPORT INTERVAL = 3000 ; // I n t e r va l o de r epo r t e en
ms

12

13 // Var iab l e s para i n t e r r up c i on e s
14 v o l a t i l e unsigned long pulseCountAnem = 0 ;
15 v o l a t i l e unsigned long lastPulseTimeAnem = 0 ;
16 f l o a t rpm = 0.0 ;
17 f l o a t windSpeedKmh = 0.0 ;
18

19 // D e c l a r a c i n ant i c ipada ( pro to t ipo ) de l a f u n c i n ISR
20 void ha l lSensor ISR ( ) ;
21

22 void setup ( ) {
23 S e r i a l . begin (115200 ) ;
24 whi le ( ! S e r i a l ) ; // Esperar i n i c i a l i z a c i n s e r i a l
25

26 pinMode ( pinAnemometro , INPUT PULLUP) ;
27 a t ta ch In t e r rup t ( d i g i t a lP inTo In t e r rup t ( pinAnemometro ) , hal lSensorISR ,

RISING) ; // FALLING o RISING
28

29 S e r i a l . p r i n t l n ( ”Anem metro i n i c i a l i z a d o − Mediciones cont inuas ” ) ;
30 }
31

32 void loop ( ) {
33 s t a t i c unsigned long lastReportTime = 0 ;
34 unsigned long currentTime = m i l l i s ( ) ;
35

36 i f ( currentTime − lastReportTime >= REPORT INTERVAL) {
37 noInte r rupt s ( ) ;
38 unsigned long pu l s e s = pulseCountAnem ;
39 unsigned long lastTime = lastPulseTimeAnem ;
40 pulseCountAnem = 0 ;
41 i n t e r r up t s ( ) ;
42

43 i f ( pu l s e s > 0 && lastTime > 0 ) {
44 f l o a t measurementTime = ( currentTime − lastReportTime ) / 1000.0 ;
45 rpm = ( pu l s e s / measurementTime ) ∗ 60.0 ;
46 windSpeedKmh = rpm ∗ CALIBRATIONFACTORANEMOMETRO;
47 } e l s e {
48 rpm = 0.0 ;
49 windSpeedKmh = 0.0 ;
50 }
51

52 S e r i a l . p r i n t ( ”RPM: ” ) ;
53 S e r i a l . p r i n t (rpm) ;
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54 S e r i a l . p r i n t ( ” | Velocidad : ” ) ;
55 S e r i a l . p r i n t (windSpeedKmh) ;
56 S e r i a l . p r i n t ( ” km/h | ” ) ;
57 S e r i a l . p r i n t (windSpeedKmh / 3.6 ) ;
58 S e r i a l . p r i n t l n ( ” m/ s ” ) ;
59

60 lastReportTime = currentTime ;
61 }
62 }
63

64 // Imp l emen t a c i n de l a ISR ( ahora s i n IRAMATTR que causaba
problemas )

65 void ha l lSensor ISR ( ) {
66 pulseCountAnem++;
67 lastPulseTimeAnem = micros ( ) ;
68 S e r i a l . p r i n t l n ( ” + uno” ) ;
69 }

Listing D.4: Código anemómetro.
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D.5 Pluviómtro D Códigos Arduino IDE

D.5 Pluviómtro

1 // Sensor de e f e c t o Hal l SS49E que mide l a ve l o c idad de l v i ento
2 //Conexiones Raspberry Pi Pico W
3 //Conectar VCC (1) −−> pin 36
4 //Conectar GND (2) −−> pin 38
5 //Conectar Vout (3 ) −−> pin 27
6

7

8 // De f i n i c i o n e s
9 const i n t HALL SENSOR PIN = 21 ; // Pin GPIO para e l s enso r Hal l

10 const f l o a t CALIBRATION FACTOR = 3.7 ; // Factor de c a l i b r a c i n 3 .7
ml cada balanceo

11 const unsigned long REPORT INTERVAL = 3000 ; // I n t e r va l o de r epo r t e en
ms

12

13 // Var iab l e s para i n t e r r up c i on e s
14 v o l a t i l e unsigned long pulseCount = 0 ;
15 v o l a t i l e unsigned long lastPulseTime = 0 ;
16 f l o a t contador min = 0.0 ;
17 f l o a t cant idad ml = 0.0 ;
18

19 // D e c l a r a c i n ant i c ipada ( pro to t ipo ) de l a f u n c i n ISR
20 void ha l lSensor ISR ( ) ;
21

22 void setup ( ) {
23 S e r i a l . begin (115200 ) ;
24 whi le ( ! S e r i a l ) ; // Esperar i n i c i a l i z a c i n s e r i a l
25

26 pinMode (HALL SENSOR PIN, INPUT PULLUP) ;
27 a t ta ch In t e r rup t ( d i g i t a lP inTo In t e r rup t (HALL SENSOR PIN) ,

hal lSensorISR , RISING) ; // FALLING o RISING
28

29 S e r i a l . p r i n t l n ( ” P l u v i m e t r o i n i c i a l i z a d o − Mediciones cont inuas ” ) ;
30 }
31

32 void loop ( ) {
33 s t a t i c unsigned long lastReportTime = 0 ;
34 unsigned long currentTime = m i l l i s ( ) ;
35

36 i f ( currentTime − lastReportTime >= REPORT INTERVAL) {
37 noInte r rupt s ( ) ;
38 unsigned long pu l s e s = pulseCount ;
39 unsigned long lastTime = lastPulseTime ;
40 pulseCount = 0 ;
41 i n t e r r up t s ( ) ;
42

43 i f ( pu l s e s > 0 && lastTime > 0 ) {
44 f l o a t measurementTime = ( currentTime − lastReportTime ) / 1000.0 ;
45 // pu l s e s
46 cant idad ml = pu l s e s ∗ CALIBRATION FACTOR;
47 } e l s e {
48

49 cant idad ml = 0.0 ;
50 }
51

52 S e r i a l . p r i n t ( ”Contador desde l a ltima i n t e r r u p c i n : ” ) ;
53 S e r i a l . p r i n t l n ( pu l s e s ) ;
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54 S e r i a l . p r i n t ( ” | Cantidad desde l a ltima i n t e r r u p c i n : ” ) ;
55 S e r i a l . p r i n t ( cant idad ml /0.000014725 , 2 ) ; // 9 . 5∗15 . 5 cm Area de l

embudo = 0.014725 mˆ2 / 1000 para pasar de ml a l
56 S e r i a l . p r i n t l n ( ” l /mˆ2 | ” ) ;
57

58

59 lastReportTime = currentTime ;
60 }
61 }
62

63 // Imp l emen t a c i n de l a ISR ( ahora s i n IRAMATTR que causaba
problemas )

64 void ha l lSensor ISR ( ) {
65 pulseCount++;
66 lastPulseTime = micros ( ) ;
67 S e r i a l . p r i n t l n ( ” + uno” ) ;
68 }

Listing D.5: Código pluviómetro.
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D.6 Pantalla LCD

1 // Panta l la LDC
2 //Conexiones Raspberry Pi Pico W
3 //Conectar VSS −−> pin 38
4 //Conectar VDD −−> pin 36
5 //Conectar V0 −−> Po t e n c i m e t r o c en t r a l
6 //Conectar RS −−> pin 1a
7 //Conectar RW −−> pin 38
8 //Conectar E −−> pin 2
9 //Conectar D4 −−> pin 4

10 //Conectar D5 −−> pin 5
11 //Conectar D6 −−> pin 6
12 //Conectar D7 −−> pin 7
13 //Conectar A −−> pin 40
14 //Conectar K −−> pin 38
15

16

17 #inc lude <Liqu idCrys ta l . h>
18

19 // Conf igura p ines (RS, E, D4 , D5 , D6 , D7)
20 Liqu idCrys ta l l cd (0 , 1 , 2 , 3 , 4 , 5 ) ; // Usando GP0, GP1, GP2, GP3,

GP4, GP5
21

22 // Var iab l e s para e l c on t r o l de l tiempo
23 unsigned long previousTime = 0 ;
24 const long i n t e r v a l = 3000 ; // I n t e r va l o de 3 segundos (3000 ms)
25 i n t s tep = 0 ; // Paso ac tua l de l buc le
26

27 void setup ( ) {
28 l cd . begin (16 , 2 ) ; // I n i c i a l i z a LCD (16 columnas , 2 f i l a s )
29 l cd . p r i n t ( ” In i c i ando . . . ” ) ;
30 delay (1000 ) ;
31 l cd . c l e a r ( ) ;
32 }
33

34 void loop ( ) {
35 unsigned long currentTime = m i l l i s ( ) ; // Tiempo ac tua l
36

37 // Cada 3 segundos , cambia e l mensaje
38 i f ( currentTime − previousTime >= in t e r v a l ) {
39 previousTime = currentTime ; // Re in i c i a e l temporizador
40

41 l cd . c l e a r ( ) ; // Limpia l a pan ta l l a
42

43 switch ( s tep ) {
44 case 0 :
45 l cd . se tCursor (0 , 0 ) ;
46 l cd . p r i n t ( ”Temperatura : ” ) ;
47 l cd . se tCursor (0 , 1 ) ;
48 l cd . p r i n t ( ” 25 .5 C” ) ; // Reemplaza con tu senso r r e a l
49 break ;
50 case 1 :
51 l cd . se tCursor (0 , 0 ) ;
52 l cd . p r i n t ( ”Humedad : ” ) ;
53 l cd . se tCursor (0 , 1 ) ;
54 l cd . p r i n t ( ”60%” ) ; // Reemplaza con tu senso r r e a l
55 break ;
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56 case 2 :
57 l cd . se tCursor (0 , 0 ) ;
58 l cd . p r i n t ( ” P r e s i n : ” ) ;
59 l cd . se tCursor (0 , 1 ) ;
60 l cd . p r i n t ( ”1013 hPa” ) ; // Reemplaza con tu senso r r e a l
61 break ;
62 case 3 :
63 l cd . se tCursor (0 , 0 ) ;
64 l cd . p r i n t ( ” Ind i c e UV: ” ) ;
65 l cd . se tCursor (0 , 1 ) ;
66 l cd . p r i n t ( ”Moderado” ) ; // Reemplaza con tu senso r r e a l
67 break ;
68 }
69

70 s tep++; // Avanza a l s i g u i e n t e paso
71 i f ( s tep > 3 ) s tep = 0 ; // Re i n i c i a e l buc le d e s p u s de l ndice

UV
72 }
73 }

Listing D.6: Código pantalla LCD.
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D.7 Código completo D Códigos Arduino IDE

D.7 Código completo

1 #inc lude <Wire . h> // v iene in teg rada con arduino IDE
2 #inc lude <Adaf ru i t Sensor . h> //Adafru i t Un i f i ed Sensor by Adafru i t
3 #inc lude <Adafruit BME280 . h> //Adafru i t BME280 Library by Adafru i t
4 #inc lude <Liqu idCrys ta l . h> // v iene in teg rada con arduino IDE
5 #inc lude <WiFi . h> // se i n s t a l a desde board manager Arduino Mbed OS

RP2040 Boards
6 #inc lude <PubSubClient . h> //PubSubClient by Nick O’ Leary
7

8

9

10 const char ∗ s s i d = ”TU SSID WIFI” ;
11 const char ∗ password = ”TU CONTRSEA WIFI” ;
12

13 const char ∗ mqtt se rver = ” 192 . 168 . 1 . 1 05 ” ; // IP de PC con Mosquitto
14 const i n t mqtt port = 1883 ; // Puerto por de f e c t o
15

16 WiFiClient e spC l i en t ;
17 PubSubClient c l i e n t ( e spC l i en t ) ;
18

19 // C o n f i g u r a c i n LCD (4− b i t )
20 Liqu idCrys ta l l cd (0 , 1 , 2 , 3 , 4 , 5 ) ; // RS=GP0, E=GP1, D4=GP2, D5=GP3

, D6=GP4, D7=GP5
21

22 // C o n f i g u r a c i n BME280
23 #de f i n e I2C SDA 8 // GP8 ( Pin 11)
24 #de f i n e I2C SCL 9 // GP9 ( Pin 12)
25 Adafruit BME280 bme ;
26

27 // C o n f i g u r a c i n Sensor UV
28 #de f i n e UV SENSOR PIN 26 // GP26 (ADC0)
29 #de f i n e FACTORCONVERSION 7.64 // f a l t a r e s t a r 1 .97
30

31 // C o n f i g u r a c i n Veleta
32 #de f i n e p inVeleta 27 // GP27 (ADC1)
33

34 // C o n f i g u r a c i n Anem metro
35 #de f i n e pinAnemometro 20 // GP20
36 #de f i n e CALIBRATIONFACTORANEMOMETRO 0.0377 // Factor de c a l i b r a c i n

2∗ pi ∗ r ∗60/1000 ( r=0.1 m)
37 #de f i n e REPORT INTERVAL 3000

38 v o l a t i l e unsigned long pulseCountAnem = 0 ;
39 v o l a t i l e unsigned long lastPulseTimeAnem = 0 ;
40 f l o a t rpm = 0.0 ;
41 f l o a t windSpeedKmh = 0.0 ;
42

43 // C o n f i g u r a c i n P l u v i m e t r o
44 #de f i n e pinPluviometro 21 // GP21
45 #de f i n e CALIBRATION FACTOR PLUVIOMETRO 3.7 // Factor de c a l i b r a c i n

3 .7 ml cada balanceo
46 v o l a t i l e unsigned long pulseCountPluv = 0 ;
47 v o l a t i l e unsigned long lastPulseTimePluv = 0 ;
48 f l o a t contador min = 0.0 ;
49 f l o a t cant idad ml = 0.0 ;
50

51 // Var iab l e s de envio de datos
52 f l o a t temp = 0.0 ;
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53 f l o a t hum = 0.0 ;
54 f l o a t pres = 0.0 ;
55 f l o a t grados = 0.0 ;
56 f l o a t uv = 0.0 ;
57

58 // In t e r rupc i on e s
59 void hallSensorISRanem ( ) ;
60 void ha l lSensor ISRpluv ( ) ;
61

62 void setup ( ) {
63 // I n i c i a S e r i a l Monitor
64 S e r i a l . begin (115200 ) ;
65 whi le ( ! S e r i a l ) ; // Espera s o l o en entornos con USB nat ivo
66 s e t u p w i f i ( ) ;
67 c l i e n t . s e tS e rv e r ( mqtt server , mqtt port ) ;
68 S e r i a l . p r i n t l n ( ”\n\ nIn i c i ando s i s tema . . . ” ) ;
69

70 // I n i c i a LCD
71 l cd . begin (16 , 2 ) ;
72 l cd . p r i n t ( ” In i c i ando . . . ” ) ;
73 delay (1000 ) ;
74 l cd . c l e a r ( ) ;
75

76 // I n i c i a I2C
77 Wire . setSDA( I2C SDA) ;
78 Wire . setSCL ( I2C SCL) ;
79 Wire . begin ( ) ;
80

81 // I n i c i a Anemometro
82 pinMode ( pinAnemometro , INPUT PULLUP) ;
83 a t ta ch In t e r rup t ( d i g i t a lP inTo In t e r rup t ( pinAnemometro ) ,

hallSensorISRanem , RISING) ; // FALLING o RISING
84

85 // I n i c i a Pluviometro
86 pinMode ( pinPluviometro , INPUT PULLUP) ;
87 a t ta ch In t e r rup t ( d i g i t a lP inTo In t e r rup t ( pinPluviometro ) ,

ha l lSensorISRpluv , RISING) ; // FALLING o RISING
88

89 // Intenta conectar a l BME280 ( prueba ambas d i r e c c i o n e s )
90 bool bme status = f a l s e ;
91 i f ( ! bme . begin (0x76 ) ) {
92 S e r i a l . p r i n t l n ( ” F a l l 0x76 , probando 0x77 . . . ” ) ;
93 bme status = bme . begin (0x77 ) ;
94 } e l s e {
95 bme status = true ;
96 }
97

98 i f ( ! bme status ) {
99 S e r i a l . p r i n t l n ( ” Error BME280 ! V e r i f i c a : ” ) ;

100 S e r i a l . p r i n t l n ( ”− Conexiones SDA/SCL a GP8/GP9” ) ;
101 S e r i a l . p r i n t l n ( ”− A l im e n t a c i n 3 .3V e s t ab l e ” ) ;
102 S e r i a l . p r i n t l n ( ”− D i r e c c i n I2C (0 x76/0x77 ) ” ) ;
103 l cd . c l e a r ( ) ;
104 l cd . p r i n t ( ”Error BME280” ) ;
105 whi le (1 ) ;
106 }
107 S e r i a l . p r i n t l n ( ”BME280 conectado ! ” ) ;
108
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109 // Conf igura s enso r UV
110 pinMode (UV SENSOR PIN, INPUT) ;
111 S e r i a l . p r i n t l n ( ”Sistema l i s t o ” ) ;
112 l cd . c l e a r ( ) ;
113 l cd . p r i n t ( ”Sistema l i s t o ” ) ;
114 delay (1000 ) ;
115 }
116

117 void loop ( ) {
118

119 i f ( ! c l i e n t . connected ( ) ) {
120 reconnect ( ) ;
121 }
122 c l i e n t . loop ( ) ;
123 s t a t i c unsigned long lastMsg = 0 ;
124 i f ( m i l l i s ( ) − lastMsg > 6000 ) {
125 lastMsg = m i l l i s ( ) ;
126 St r ing mensaje = ”{” ;
127 mensaje += ”\” t \” : ” + St r ing ( temp , 2 ) + ” , ” ; // comentario
128 mensaje += ”\”h \” : ” + St r ing (hum, 2 ) + ” , ” ;
129 mensaje += ”\”pn \” : ” + St r ing ( pres , 2 ) + ” , ” ;
130 mensaje += ”\”v \” : ” + St r ing ( grados , 2 ) + ” , ” ;
131 mensaje += ”\”a \” : ” + St r ing (windSpeedKmh , 2 ) + ” , ” ;
132 mensaje += ”\” p l \” : ” + St r ing ( cantidad ml , 2 ) + ” , ” ;
133 mensaje += ”\” r \” : ” + St r ing (uv , 2 ) ;
134 mensaje += ”}” ;
135

136 char bu f f e r [ mensaje . l ength ( ) + 1 ] ;
137 mensaje . toCharArray ( bu f f e r , s i z e o f ( bu f f e r ) ) ;
138

139 c l i e n t . pub l i sh ( ”/ t e l e c o / e s t a c i on1 ” , bu f f e r ) ;
140

141 S e r i a l . p r i n t l n ( ”Mensajes publ icado ” ) ;
142 }
143

144

145 s t a t i c unsigned long lastUpdate = 0 ;
146 s t a t i c u int 8 t d i sp l ayS ta t e = 0 ;
147 s t a t i c unsigned long lastReportTime = 0 ;
148 unsigned long currentTime = m i l l i s ( ) ;
149

150 i f ( currentTime − lastReportTime >= REPORT INTERVAL) {
151 noInte r rupt s ( ) ;
152 unsigned long pulsesAnem = pulseCountAnem ;
153 unsigned long lastTimeAnem = lastPulseTimeAnem ;
154 pulseCountAnem = 0 ;
155

156 unsigned long pul sesPluv = pulseCountPluv ;
157 unsigned long lastTimePluv = lastPulseTimePluv ;
158 pulseCountPluv = 0 ;
159 i n t e r r up t s ( ) ;
160

161 f l o a t measurementTime = ( currentTime − lastReportTime ) / 1000.0 ;
162

163 i f ( pulsesAnem > 0 && lastTimeAnem > 0 ) {
164 rpm = ( pulsesAnem / measurementTime ) ∗ 60.0 ;
165 windSpeedKmh = rpm ∗ CALIBRATIONFACTORANEMOMETRO;
166 } e l s e {
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167 rpm = 0.0 ;
168 windSpeedKmh = 0.0 ;
169 }
170

171 i f ( pu l se sPluv > 0 && lastTimePluv > 0 ) {
172 // pul sesPluv pu l so s pluv
173 cant idad ml = pulsesPluv ∗ CALIBRATION FACTOR PLUVIOMETRO;
174 } e l s e {
175

176 cant idad ml = 0.0 ;
177 }
178

179 lastReportTime = currentTime ;
180 //}
181

182 // i f ( m i l l i s ( ) − lastUpdate >= 3000) {
183 // lastUpdate = m i l l i s ( ) ;
184

185 // Lectura de s en s o r e s
186 temp = bme . readTemperature ( ) ;
187 hum = bme . readHumidity ( ) ;
188 pres = bme . readPres sure ( ) / 100.0F;
189

190 i n t uv raw = analogRead (UV SENSOR PIN) ;
191 uv = ( uv raw / 1023 ) ∗ 3.3 ∗ FACTORCONVERSION − 1.97 ;
192 St r ing r i e s g o uv ;
193 i f ( uv < 3 ) {
194 r i e s g o uv = ”Bajo” ;
195 } e l s e i f ( uv >= 3 && uv < 6 ) {
196 r i e s g o uv = ”Moderado” ;
197 } e l s e i f ( uv >= 6 && uv < 8 ) {
198 r i e s g o uv = ”Alto ” ;
199 } e l s e i f ( uv >= 8 && uv < 11 ) {
200 r i e s g o uv = ”Muy Alto ” ;
201 } e l s e {
202 r i e s g o uv = ”Extremo” ;
203 }
204

205 i n t l e c t u r a = analogRead ( p inVe leta ) ; // Leer s e a l a n a l g i c a
(0−800 en Pico ) 0/800 norte 0 , 200 e s t e 90 , 400 sur 180 , 600
oe s t e 270 ETIQUETA APUNTA AL NORTE! ! !

206 grados = l e c t u r a ∗ (360.0 / 800.0 ) ;
207

208

209 // Debug en S e r i a l Monitor
210 S e r i a l . p r i n t l n ( ”\n−−− Lectura de s en s o r e s −−−” ) ;
211 S e r i a l . p r i n t ( ”Temperatura : ” ) ; S e r i a l . p r i n t ( temp , 1 ) ; S e r i a l .

p r i n t l n ( ” C ” ) ;
212 S e r i a l . p r i n t ( ”Humedad : ” ) ; S e r i a l . p r i n t (hum, 1 ) ; S e r i a l . p r i n t l n ( ”

%” ) ;
213 S e r i a l . p r i n t ( ” P r e s i n : ” ) ; S e r i a l . p r i n t ( pres , 1 ) ; S e r i a l . p r i n t l n (

” hPa” ) ;
214 S e r i a l . p r i n t ( ” ndice UV: ” ) ; S e r i a l . p r i n t (uv , 1 ) ; S e r i a l . p r i n t ( ”

UVI | Riesgo ” ) ; S e r i a l . p r i n t l n ( r i e s g o uv ) ;
215 S e r i a l . p r i n t ( ”Di r ecc i on v i ento : ” ) ; S e r i a l . p r i n t ( grados , 1 ) ;

S e r i a l . p r i n t l n ( ” ” ) ;
216 S e r i a l . p r i n t ( ”Veloc idad v i ento : ” ) ; S e r i a l . p r i n t (windSpeedKmh , 2 ) ;

S e r i a l . p r i n t l n ( ” km/h” ) ;
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217 S e r i a l . p r i n t ( ” P r e c i p i t a c i n : ” ) ; S e r i a l . p r i n t ( cant idad ml /0.00001
4725 , 2 ) ; S e r i a l . p r i n t l n ( ” l /mˆ2” ) ; // 9 . 5∗15 . 5 cm Area de l embudo =
0.014725 mˆ2 /1000 para pasar de ml a l

218

219

220

221 // Mostrar en LCD
222 l cd . c l e a r ( ) ;
223 switch ( d i sp l ayS ta t e ) {
224 case 0 :
225 l cd . p r i n t ( ”Temperatura : ” ) ;
226 l cd . se tCursor (0 , 1 ) ;
227 l cd . p r i n t ( temp , 1 ) ; l cd . p r i n t ( ” C” ) ;
228 break ;
229 case 1 :
230 l cd . p r i n t ( ”Humedad : ” ) ;
231 l cd . se tCursor (0 , 1 ) ;
232 l cd . p r i n t (hum, 1 ) ; l cd . p r i n t ( ” %” ) ;
233 break ;
234 case 2 :
235 l cd . p r i n t ( ” Pres ion : ” ) ;
236 l cd . se tCursor (0 , 1 ) ;
237 l cd . p r i n t ( pres , 1 ) ; l cd . p r i n t ( ” hPa” ) ;
238 break ;
239 case 3 :
240 l cd . p r i n t ( ” Ind i c e UV: ” ) ;
241 l cd . se tCursor (0 , 1 ) ;
242 l cd . p r i n t (uv , 1 ) ; l cd . p r i n t ( ” UVI” ) ;
243 break ;
244 case 4 :
245 l cd . p r i n t ( ”Di r ecc i on v i ento : ” ) ;
246 l cd . se tCursor (0 , 1 ) ;
247 l cd . p r i n t ( grados , 1 ) ; l cd . p r i n t ( ” grados ” ) ;
248 break ;
249 case 5 :
250 l cd . p r i n t ( ”Veloc idad v i ento : ” ) ;
251 l cd . se tCursor (0 , 1 ) ;
252 l cd . p r i n t (windSpeedKmh/3.6 , 1 ) ; l cd . p r i n t ( ” km/h” ) ;
253 break ;
254 case 6 :
255 l cd . p r i n t ( ” P r e c i p i t a c i on : ” ) ;
256 l cd . se tCursor (0 , 1 ) ;
257 l cd . p r i n t ( cantidad ml , 1 ) ; l cd . p r i n t ( ” ml/min” ) ;
258 break ;
259 }
260 d i sp l ayS ta t e = ( d i sp l ayS ta t e + 1 ) % 7 ;
261

262 }
263 }
264

265 void hallSensorISRanem ( ) {
266 pulseCountAnem++;
267 lastPulseTimeAnem = micros ( ) ;
268 }
269

270 void ha l lSensor ISRpluv ( ) {
271 pulseCountPluv++;
272 lastPulseTimePluv = micros ( ) ;
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273 }
274

275 void s e t up w i f i ( ) {
276 delay (10 ) ;
277 S e r i a l . p r i n t l n ( ”Conectando a WiFi . . . ” ) ;
278 WiFi . begin ( s s id , password ) ;
279

280 whi le (WiFi . s t a tu s ( ) != WLCONNECTED) {
281 delay (500 ) ;
282 S e r i a l . p r i n t ( ” . ” ) ; S e r i a l . p r i n t (WiFi . s t a tu s ( ) ) ;
283 }
284

285 S e r i a l . p r i n t l n ( ”\nWiFi conectado ” ) ;
286 S e r i a l . p r i n t ( ”IP : ” ) ;
287 S e r i a l . p r i n t l n (WiFi . l o c a l IP ( ) ) ;
288 }
289

290

291 void reconnect ( ) {
292 // Intenta conectar a l broker
293 whi le ( ! c l i e n t . connected ( ) ) {
294 S e r i a l . p r i n t ( ”Conectando a MQTT. . . ” ) ;
295

296 const char ∗ mqtt user = ”TU USUARIOMQTT” ;
297 const char ∗ mqtt pass = ”TU CONTRASEA MQTT” ;
298

299

300 i f ( c l i e n t . connect ( ” p i c o pub c l i e n t ” , mqtt user , mqtt pass ) ) {
301 S e r i a l . p r i n t l n ( ” conectado ” ) ;
302 } e l s e {
303 S e r i a l . p r i n t ( ”Error , rc=” ) ;
304 S e r i a l . p r i n t ( c l i e n t . s t a t e ( ) ) ;
305 S e r i a l . p r i n t l n ( ” intentando de nuevo en 5 segundos ” ) ;
306 delay (5000 ) ;
307 }
308 }
309 }
310

311 /∗ ======================================================
312 ESTACI N METEOROLGICA − CONEXIONES RASPBERRY PI PICO W
313 ======================================================∗/
314

315 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
316 // PANTALLA LCD 1602A (4− b i t mode)
317 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
318 /∗
319 VSS −−> PIN 38 (GND) // Tier ra
320 VDD −−> PIN 36 (3V3) // 5V para mejor con t r a s t e
321 VO −−> Po t e n c i m e t r o c en t r a l // Ajuste de con t r a s t e ( conectar

extremos a VDD y GND)
322 RS −−> PIN 1 (GP0) // Reg i s t ro de s e l e c c i n
323 RW −−> PIN 38 (GND) // Modo e s c r i t u r a ( s iempre a GND)
324 E −−> PIN 2 (GP1) // H a b i l i t a c i n
325 D4 −−> PIN 4 (GP2) // Bit 4 datos
326 D5 −−> PIN 5 (GP3) // Bit 5 datos
327 D6 −−> PIN 6 (GP4) // Bit 6 datos
328 D7 −−> PIN 7 (GP5) // Bit 7 datos
329 A −−> PIN 40 (VBUS) // R e t r o i l um i n a c i n (+)
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330 K −−> PIN 38 (GND) // R e t r o i l um i n a c i n (−)
331 ∗/
332

333 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
334 // SENSOR BME280 (T/H/P)
335 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
336 /∗
337 VCC −−> PIN 36 (3V3) // A l im e n t a c i n 3 .3V
338 GND −−> PIN 38 (GND) // Tier ra
339 SCL −−> PIN 12 (GP9) // Re lo j I2C
340 SDA −−> PIN 11 (GP8) // Datos I2C
341 SDO −−> GND 38 (GND) // D i r e c c i n I2C 0x76 ( s i va a 3V3

s e r a 0x77 )
342 CSB −−> PIN 36 (3V3) // Modo I2C ( debe e s t a r a 3V3)
343 ∗/
344

345 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
346 // SENSOR UV GUVA−S12SD
347 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
348 /∗
349 VCC −−> PIN 36 (3V3) // A l im e n t a c i n 3 .3V
350 GND −−> PIN 38 (GND) // Tier ra
351 SIG −−> PIN 31 (GP26) // Sa l ida a n a l g i c a (ADC0)
352 ∗/
353

354 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
355 // ANEMOMETRO/SENSOR HALL−SS49E
356 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
357 /∗
358 VCC (1)−−> PIN 36 (3V3) // A l im e n t a c i n 3 .3V
359 GND (2)−−> PIN 38 (GND) // Tier ra
360 VOUT (3) −−> PIN 26 (GP20) // Sa l ida
361 ∗/
362

363 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
364 // PLUVIOMETRO/SENSOR HALL−SS49E
365 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
366 /∗
367 VCC (1)−−> PIN 36 (3V3) // A l im e n t a c i n 3 .3V
368 GND (2)−−> PIN 38 (GND) // Tier ra
369 VOUT (3) −−> PIN 27 (GP21) // Sa l ida
370 ∗/
371

372 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
373 // POTENCIMETRO 3296 (CONTRASTE LCD)
374 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
375 /∗
376 Pin l a t e r a l 1 −−> PIN 40 (3V3) // Vo l ta j e r e f e r e n c i a
377 Pin c en t r a l −−> VO (LCD) // Ajuste de con t r a s t e
378 Pin l a t e r a l 2 −−> PIN 38 (GND) // Tier ra
379 ∗/
380

381 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
382 // VELETA ZTS−3000−FXJT−V05−360 (DIRECCI N )
383 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
384 /∗
385 NEGRO −−> GND OUT Conversor y P a t i l l a (1 ) Re s i s t en c i a 270

// Tier ra
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386 MARRON −−> VOUT Conversor
// A l im e n t a c i n 3 .3V

387 AMARILLO −−> GND OUT Conversor y P a t i l l a (1 ) Re s i s t en c i a 270
// Tier ra

388 AZUL −−> PIN 32 y Pa t i l l a (2 ) Re s i s t en c i a 270
// Datos ADC1

389 ∗/
390

391 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
392 // CONVERSOR (3 . 3V −−> 10V)
393 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
394 /∗
395 VIN −−> PIN 36 (3V3) // A l im e n t a c i n

3 .3V
396 GNDIN −−> PIN 38 (GND) // Tier ra
397 GNDOUT −−> NEGRO Y AMARILLO VELETA Y RES1 //

A l im e n t a c i n 10V
398 VOUT −−> MARRON VELETA // Tier ra
399 ∗/
400

401 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
402 // RESISTENCIA (270 )
403 // −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
404 /∗
405 RES1 −−> NEGRO Y AMARILLO VELETA Y VOUT CONVERSOR
406 RES2 −−> AZUL Y PIN 32
407 ∗/

Listing D.7: Código completo.
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Bill Of Materials for Estación Meteorológica

Design Title Estación Meteorológica
Author Mario Acevedo
Document Number 1
Revision 2
Design Created martes, 6 de mayo de 2025
Design Last Modified viernes, 20 de junio de 2025
Total Parts In Design 13

Notes
PLA impresión 3D = 12,95 €
Tornilleria utilizada = 16 tornillos de 4ml, 2 perfilesl, 44 tuercas y arandelas de 4ml, 15 tornillos en punta pequeños
6,15 €
Precio PCB = 5,73 €
Precio rodamiento = 2,13 €
Precio plancha metraquilato = 12 €
Precio imanes = 1,29 €

Al precio Totals hay que sumarle 40,25 €
3 Resistors
Quantity References Value Farnell Code PCB Package Unit

Cost
1 R1 270  ohm 9334254 RESC1608X50N €0,08
1 R3 10  Kohm 3769675 RESC1608X50N €0,62
1 R4 220  ohm 2321743 RESC1608X50N €0,42

Sub-totals: €1,12
10 Miscellaneous
Quantity References Value Farnell Code PCB Package Unit

Cost
1 BME280 BME280 AMAZON

B0D4VYH3H8
MODULE_BME280 €3,28

1 CONVERSOR A 10V NDUB22TA AMAZON
B0DQY31H96

CONVERSOR €6,58

1 GUVA-S12SD GUVA-S12SD (Intensidad
UV)

AMAZON
B07BFNZWR9

MODULE_GUVA €2,36

2 HALL ANEMOMETRO,HALL
PLUVIOMETRO

MLX90217LUACAA000BU 1225624 BORNAS €1,00

1 PANTALLA LCD 1602A CEG003400 2281679 MODULE_CEG003400 €2,83
1 POTENCIOMETRO 3296Y1102 - 2Kohm 9353518 TRIM_3296Y1102 €2,41
1 RASPBERRY PI PICO W RASPBERRY_PI_PICO_W 3996082 MODULE_RASPBERRY

PI PICO W
€6,39

1 RESET WW39 3406898 BOTON €1,22
1 VELETA ZTS-3000-FXJT-V05-360 ALIEXPRESS

1005003040677398
VELETA BUENO €19,65

Sub-totals: €46,72
 
Totals: €47,84

viernes, 20 de junio de 2025 9:41:35

E Listado de materiales
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