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What is OpenloTwx

« Personal Weather Station
grade, modular, sensor set E

« End-to-end Open Source

« 3d printable body

« Easy to assemble electronics

« Created for educational
trainings and data equity
work.




Our Philosophy

For inclusive development and innovation

We follow FAIR and CARE

Collective : . For improved governance and . . I f d .
) R engaement principles for data maintenance
For equitable outcomes
Recognizing rights and interests
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27
€ %1 ) Data for governance
Governance of data FINDABLE ACCESSIBLE INTEROPERABLE RE-USABLE
resource metadata are resource metadata use
s o retrievable by ther dentiier a formal, accessble, shared "
. . . theg;trai;.esourvess?:as;ir;bed usinga stal i open and b scck mertgdetahaveawnﬁ:u
For positive relationships el metadatathatis free, universally language for knowledge levant attrbutes, v
pecifies the data |dept|f|er, is im re; % associated prowvenance, &
: : y ess'g"eld° e icetions pratocol including qualified If'ee’a:‘hdaf;:ﬁ:':pﬁw
\ N 4 & snd is reg Iorindexed'ﬁ making metadata accessible, references to other of domain-relevant
. . V 4 ) 2 e 5 a habk even when the (meta)dats, that use communi!y's'(andarcis
ResponSIblhty N » For expanding capability and capacity (datle)resou@ﬁsareno vocabularies thet follow FAR
‘ & ' onger available princples
) : ; M. D. Wikinson ef al, *The FAIR Guiding Principles for sciertfic data management and stewarndship ™ Scientific Data, vol. 3, p. 160018, Mar. 2016
For Indigenous languages and worldviews
For minimizing harm and maximizing benefit

=21 ) For justice

" For future use



Data Equity

Inequity both globally and
nationally

Missing personal data on the
global scale, skewing
measurements

Data deserts, especially in
rural, impoverished, and
indigenous communities
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Why OpenloTwx

The NCAR/UCAR 3D-printable progression

3DPaws (UCAR COMET) OpenloTwx V2

OpenloTwx V1



Why OpenloTwx

Complexity of 3D Printed Weather Station Platforms
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Internet Of Things and Edge Computing

Edge Computing:
- Decentralized computing paradigm ., - -
* Processing closer to data source it d Ml e " |
+ Enables real-time analysis, faster —
response, and lowers bandwidth chiosbs IR =
requirements.

cloud

Internet of Things (loT): o
* Network of connected physical
objects edge
 Embedded with sensors and
software
« (Collects and exchanges data over
the internet.
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« BMEG8O - Temperature,
Humidity, Pressure, VOC

« RG15 - Precipitation quantity
and rate

« LTR390 - UV

 PMSAOQOQSI - Air Quality and
Particulate

« SCD40 - CO2

Thornton/CO Demo and Development Station - Live Data
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Except for a few pins,
everything runs on Qwiic
hubbed connections

This is a base station, modular
on top of this system.

Divisible into multiple ‘nodes’
running as the same
publishing client




Housing and Prints

* 12 required prints

» Users are guided through the
printing process

* Printable on easy-to-use,
consumer grade printers

* Printed using Ultimaker Cura
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e Built on Arduino

« Uses a lightweight file system to allow for user configuration without
entering the codebase

* Allows publishing at custom intervals

« Allows for bidirectional communication between stations and clients

OO0
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Data Protocols

Data are collected and
computed at the ESP32
microcontroller

Using the onboard cellular
modem the data are
transmitted via MQTT

A backend orchestrator
functions as the broker,
sending measurements to
CHORDS (visualization API)
Data are customized and
visualized in CHORDS
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Assembly
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Accessibility

Openiafink How to follow these instructions

Home >

Guide Usage

] ] ] openloTwx Introduction > We, the Open loTwx team, have worked to make the documentation for making your own station
[ ] FO rm atted to m I n I m I Ze Getting Started > as friendly as possible. That being said, this project does require some care and effort, so we
Print thought we'd include something of a step-by-step for you to refer to in case you find yourself a
[l Install > little lost.
jargon : .
1. Give this documentation a quick read-through. See what this project entails and what you

Deploy >
Py need to learn or already know.
Data Management

. [
[ ] Stat I C ; a I I OW I n g u Se r Gontrbiution Make a plan. Figure out what 3d printer you'll buy/use, which sensors you want to attach, etc.

Download all the needed software. It's always good to make sure your computer can do what

w N

u you need.
d OW n I O ad fo r u Se I n 4. Get your materials. Buy the items you need so you can streamline the process when parts
arrive.
.
n O — b a n d W I d‘t h ZO n eS 5. Start printing. This step takes the most time so it's good to get the printer running early.

6. Flash your microcontroller. This step may seem confusing but just follow the page carefully
and it'll start making sense.

~

Setup your modem (if necessary for your configuration) according to manufacturers

" "
* Integrating pre-compiled
instructions. Often this just means activating your sim card on the company website and
fl h I t h fl plugging it into the usb modem
aS a n O n = e = y Test your sensors. Make sure everything is working before you put it into the 3d-printed
assembly.
" " .
C O n fl u rat I O n fo r eaS I e r . Assemble your station. Put all the pieces together and give it a quick test before putting it in
the field
10. Deploy your station. Follow the steps for choosing a proper site and put your new weather
u p I O ad station out in the field.

loTwx CONFIGURATION Wizard [step 1/3]

©

©

Wifi SSID
Wifi Password

Download Server URL (direct .bin)

https://app.iotwx.net/ota/

Download Server SSL Certificate

BEGIN CERTIFICATE
MIIFazCCA10gAWIBAQIRAIIQZ7DSQ0
NZRGPgu20CiwAwDQYJIKoZIhvcNAQEL
BOAwW
TZELMAKGA1UEBhMC
oTIELudGVybmVOIFN

MxKTAnBgNVBA
VyaXRSIFI1

cmNoIEdyb3VWMRUWEWYDVQQDEWXIUL
JHIFIvb3QgWDEwWHhCNMTUWN j AOMTEW

NDM4.

Force data reset

Submit 1 4



Over the Air updates
Micropython for easier
data testing

Open source anemometry
and method for robust
siting thereof

Large scale station
deployment

Radiation shield
calibration

Adding a hydrologic
measurement node and a
soil node.

Publish the papers we’re
working on

Article title
OpenloTwx: A Decentralized Automated IoT Weather Station Architecture
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Affiliations
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Abstract

We present an architecture for the development of an IoT-based weather station, using low-cost System On a
Chip (SOC), microcontroller and mobile phone hardware atop the lightweight messaging technology, MQTT.
We demonstrate the flexibility of decentralizing weather station operations and meteorological measurements
through basic commodity sensor technologies, and show how this approach may encourage development of
novel and significantly less expensive sensing techniques that extend what is currently only possible with
commercial-grade technologies. Our IoT approach is implemented and discussed through the lens of a
reference deployment of a low-cost 3d-printed weather station design.

Keywords
weather station, remote sensing, iot sensing, MQTT
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