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Project Description
The goal of this project is to make a weather station for the RE Lab at NAU 

that will last for years. This station will provide accurate and current 

measurements for various weather conditions and will be accessible from 

anywhere with an internet connection.  

Measure: 

● Temperature

● Humidity

● Wind Speed/Direction

● Barometric Pressure

● Solar Irradiance

Purpose:

For academic use within the Wind Power and Renewable Energy courses. 

Weather stations are important for weather forecasts, disaster preparedness, 

and agricultural information.
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The system function diagram outlines the weather 

station’s workflow, organizing it into essential 

components: sensing, power supply, signal 

conversion, data processing, transmission, and 

enclosure. It visualizes how environmental input 

triggers sensor readings, which are digitized, 

processed by a Raspberry Pi, and sent to remote 

servers. The diagram highlights key interactions 

between modules, identifies technical needs like 

timestamping, ADC integration, and energy 

regulation, and reinforces a modular architecture to 

support reliable operation, remote updates, and 

component replacement.
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This Python-based script enables real-time monitoring and visualization of environmental data from the BME280 

sensor using a Raspberry Pi. The system captures temperature, humidity, and barometric pressure through the 

I2C interface.

The core functionality includes:

• Sensor Initialization: The I2C bus is initialized via , and calibration data is loaded using the library to ensure 

accurate readings.

• Data Acquisition Loop: The code continuously samples the sensor at 1-second intervals, capturing temperature 

(°C), relative humidity (%), and pressure (hPa) along with a timestamp.

• Live Plotting: The data is plotted in real time using , displaying three vertically stacked subplots for each variable. 

Interactive mode allows for continuous updates without restarting the graph.

• Data Logging: Sensor values and timestamps are stored in lists, which can be later saved or analyzed.

• Interrupt Handling: The loop gracefully exits when a key board interrupt is detected, ensuring a clean shutdown 

and final display of the plots.

To run the script, the following Python libraries are used and must be installed in a virtual environment:

• smbus2 – for I2C communication

• bme280 – for sensor calibration and sampling

• matplotlib – for dynamic plotting
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Main Tower

• Units in Inches

• Total height is 120 inches

• Top frame width is 58 

inches (corner to corner)

• Base width is 45 inches



CAD
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Design Requirements
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Customer Requirements:

• Measurement of Key Weather Parameters - Station will measure temperature, 

humidity, wind speed and direction, barometric pressure and solar irradiance. 

• Data Transmission - Data collected will be transmitted via internet

• Remote Data Access - Live and stored data should be accessible through a web 

interface

• Renewable Power Supply - Any components which require power must run on solar 

energy

• Weather Durability - Station must withstand outdoor weather conditions

• Low Maintenance - Station should require less than 2 hours of maintenance per year

• User Friendly - User interface should be easily navigable

• Ease of Installation - Installation should require minimal tools or training

• Low Cost - Station should be cost effective and within budget

• Safety Compliance - Must comply with relevant electrical and operational safety 

standards

• Data Storage - Data should be stored in an accessible and organized database for at 

least one year.

Engineering requirements:

• Long Term Data Storage - Database should log data in an organized manner over 

the course of 4 years

• Increased Data Accuracy - Sensor readings should be highly accurate, within 3% or 

less. Data average calculations should be properly computed

• Multiple Wind Speed Readings - Wind speed and direction should be measured at 

both standard height and atop existing tower at lab providing at least 2 readings.

• Measured at Industry Standards - Sensors should be properly positioned according 

to industry standards

• Proper Calibration - Sensors should be properly calibrated to upload accurate data 

from raw readings within 3% of true values

• Measurement of All Data Types - Station should record 5 data types including 

temperature, pressure, humidity, solar irradiation and wind data

• Low Power Requirement - Station should be capable of fully operating under existing 

solar generated power means located at lab, with a target of 0.2 kWh per day or less.
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Functional Code for the BME280 humidity, 

temperature, and pressure sensor used in 

Prototype 2. [28]
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Qsolar =α*G*A=0.85×800×0.015=10.2 W

• Net heat gain ≈ 1.7 W

• Enclosure surface temperature may rise above 65°C
• Inside enclosure, electronics may reach >75°C

Conclusion : The enclosure is at moderate thermal risk under summer 

conditions. Recommend adding ventilation openings or applying 
reflective coating to reduce solar absorption. 

Through research, sensors can reach 75 degrees Celsius in a 

short period of time.

Thermal Durability Analysis

We simulate how the outer surface of a small electronics 
enclosure heats up under constant solar irradiance of 800 W/m²



Engineering Calculations
Obtained Calibration Certificates with specific calibration constants 

using Serial Numbers from NRG and LI-COR Websites.
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Sensor Model Manufacturer Datasheet / Industry Note

Humidity BME280
Bosch Sensor

tec

Designed for long-term 

operation, but MEMS 
sensors show

performance drift after

1 year of continuous high-
frequency use.

Anemometer
NRG 

#40C
NRG Systems

Calibrated annually; field

use up to 5+ years with
proper lubrication and

bearing maintenance.

Pyranometer
LI-200R 

/ MS-60
LI-COR / EKO

Manufacturer

recommends calibration
every 1–2 years; 

replacement after

~5 years.

Barometer BP60C NRG Systems

Annual calibration

recommended; typical
lifespan 3–5 years.

Sampling Frequency & Total Samples

• Sampling interval = 30 s

• Samples per year:

Based on this frequency of use, check manufacturer 

information and community resources.

Sensor Samples/day Samples/year
Calibration 

Interval

Replacement 

Cycle

BME280 2,880 1,051,200 — 12 months

NRG #40C — — 12 months 3–5 years

LI-200R / 

MS-60
2,880 1,051,200 1–2 years 5 years

BP60C 2,880 1,051,200 1 year 3–5 years



Calculation Summary
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FMEA Table
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Test Methods:

• Comparison of our data against Pulliam airport weather data

• Calibration tests using controlled conditions such as ice water at 0 degrees to 
test temperature sensor

• Visualization of data to spot outliers

• Measure energy usage

• Secure wire connections and make sure they are not easily disconnected by 
weather or tampering

• Ensure proper sensor housing which aligns with industry standards

• Ensure snow buildup will not pose a threat to sensor data collection

• Analyze data difference between 10m anemometer and 30m anemometer.
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Testing Equipment and Resources:

• Reference Weather Data: Pulliam Airport historical weather records (public data access)

• Power Supply: Rechargeable batteries and regulated USB-C output for Raspberry Pi

• Data Logger: Raspberry Pi 3B with SD card for data storage

• Thermal Chamber / Freezer (optional): For extreme temperature tests

• Multimeter & Voltage Logger: To monitor energy usage and wire integrity

• Spare Sensors: For redundancy and comparison 

• Outdoor Testing Space: Open area to mount weather station at different elevations (10m 

and 30m poles)

• Weatherproof Mounting Kits: To simulate snow or wind loading on sensors

• Coding & Visualization Tools: Python/MATLAB for plotting and regression

• Internet Access: To test upload reliability and simulate failure conditions



Schedule
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(dates estimated using spring 

schedule in the 486C assignment)



Budget
~$3000 worth of existing equipment. 

Around ~$500 from client for expected additional costs. 

$300 have been contributed by the team to meet the fundraising goal

Additional expenses:

• Construction of diamond crossbar for mounting

• Additional sensor parts i.e. voltage amplifiers, 
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Fundraising
$300 total from the team

$75 from each person

Total remaining to spend: 

$263.64
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Bill of Materials
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