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Open-weather is a feminist experiment in imaging and
imagining the earth and its weather systems using DIY
tools!

Co-led by researcher-designer Sophie Dyer and creative
geographer Sasha Engelmann, open-weather encom-
passes a series of how-to guides, critical frameworks
and public workshops on the reception of satellite
images using free or inexpensive amateur radio techno-
logies.

In the tradition of intersectional feminism, open-weather
investigates the politics of location and interlocking op-
pressions that shape our capacities to observe, negotia-
te, and respond to the climate crisis.

In doing so, open-weather challenges dominant repre-
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sentations of earth and environment while complicating
ideas of the weather beyond the meteorological.

This workshop manual can be used as a tool by people
who want to learn how to decode transmissions from
National Oceanic and Atmospheric Administration
(NOAA,) satellites and to understand what's at stake
when imaging the weather.

The workshop aims for inclusivity and access to amateur
practices of satellite imagery reception and decoding
and an alternative way of responding to theclimate crisis.

Learn more about the project:
https://open-weather.community/

https://cop26-nowcast.open-weather.community/
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DIY satellite ground station workshop

by open-weather

Timetable

Day 01

30 min  welcome

15 min  open-weatherintro

1 hour critical framing

20 min  break

1 hour developing ashared understanding of radio
1T hour longbreak

30 min installing software

15 min  antennaassembly and set up

30 min launchingyour DIY satellite ground station
30 min setup for first satellite pass

30 min satellite image decoding

Day 02

1 hour second satellite pass

15 min  break

30 min  how canldo this on my own?
1T hour longbreak

1 hour closingdiscussion


https://open-weather.community/
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Day 01
Welcome (30 min)

Workshop protocols

e |[nclusive language
e Be conscious of your contribution
e Anyone who does not want to be photographed, let us know

Group intros

Sitin acircle and go round, sharing answers to the following question:
e Your name

Your pronouns, if you want to

How did you get to the workshop?(e.qg. bike, walk, wander?)

A reason why you signed-up?

Your personal definition of “weather”

Who and what is open-weather? (15 min)

Open-weather is a feminist experiment in imaging and imagining the earth and its weather
systems using DIY tools!

Co-led by researcher-designer Sophie Dyer and creative geographer Sasha Engelmann,
open-weather encompasses a series of how-to guides, critical frameworks and public
workshops on the reception of satellite images using free or inexpensive amateur radio
technologies.

In the tradition of intersectional feminism, open-weather investigates the politics of location
and interlocking oppressions that shape our capacities to observe, negotiate, and respond to

the climate crisis.

In doing so, open-weather challenges dominant representations of earth and environment
while complicating ideas of the weather beyond the meteorological.

https://open-weather.community/



https://open-weather.community/

We're talking about organizing and maps! Join us on Open Call on May 11 to kick-off this topic and then every Tuesday through June. Click b

Public Lab eSS

Public Lab is open for anyone
and will always be free. By

signing up you'll join a diverse
group of community

NOAA 19 N 80 W 2020-05-17 18-03 BST Muiti-spectral Analysis researchers and tap into a lot of
grassroots expertise

What you need m

Hardware

« A computer of any model, 4GB RAM or higher is ideal
* A software defined radio dongle. There are many kinds are available:

V3 is the cheapest, reliable and most adaptable dongle, in our opinion. (£27)
(£120)

Funcube Dongle Pro+ *Not compatible with CubicSDR (£150)

* An antenna capable of receiving circularly polarised transmissions:

irnstile (£38)

We both use a turnstile antenna from AMSAT UK. AMSAT UK turnstile antennas come with the
adapters and cables you need for satellite reception but no dongle---you need 1o purchase one
separately. o

Quadirifilar Helix

An Open-weather how-to guide on Public Lab
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Cop26-nowcast.open-weather.community. The Photographers’ Gallery, 2021. Source: open-weather



https://cop26-nowcast.open-weather.community/

Isle of Mull, Scotland, 2020. Source: open-weather

Critical framing (1 hour)

Radio amateurs or Ham radio operators

Together we will learn how to decode transmissions from National Oceanic and Atmospheric
Administration (NOAA) satellites - this is part of a long history of radio-based practices, which
have too often been limited to a small community of people called radio amateurs’. Radio
amateurs are citizens who are licensed to experiment with the radio spectrum.

Cultural practitioners

There is, too, an artistic context to the work.

Several artists, including Afroditi Psarra, Audrey Briot, Xin Liu and Adriana Knouf, have also
captured images from NOAA satellites, and have used these materials for installations,
sculptures and performances.

Question and mapping exercise
Who else is in this space?
What do you think is at stake when imaging the weather?




What's at stake for open-weather?

Open-weather is different from the above practices because of what we feel is at stake:
e How we image and imagine our world

e |Inclusivity and access to amateur practices of satellite imagery reception and decoding
e An alternative way of responding to the climate crisis
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Open work, second body. Open-weather in collaboration with Daisy Hildyard. Soundcamp, 2020. Source: open-weather



We are interested in satellite imagery

NOAA 2 SR VIS N.H.

First images transmitted by NOAA-2 in 1972. Image courtesy of NOAA satellite data archives team.

Since the 1960s our planet has been imaged by artificial, earth observation satellites.

Along line of feminist thinkers have critiqued satellite imagery
e.qg. “view from above” or “god’s eye trick”

In open-weather, we are interested in appropriating, subverting and queering satellite imagery
to ask: what would a feminist, people-powered image of the earth look like?




Satellite imagery is transmitted via the radio spectrum

The radio spectrum is home to many different signals, information, noises made by individuals,
institutions, machines, the earth, our sun, and other celestial bodies.

The radio spectrum is a congested space.
Satellite images are one of the many materials shared over the radio spectrum.

Library of waveforms: https://www.sigidwiki.com/wiki/Database

Defining radio and key terms

MANY POWERS M%7
OF SUN’S RADIATION ===

Kenneth Fagg, Visualisation of radiation and radio waves produced for Life Magazine, 07 September 1960.

+ Here we are speaking from the standpoint of western science. Other cultures and
traditions have their own ways of talking about and understanding radio. We are introducing
a set of terms so that we have a shared language. Should you want to bring or develop an
alternative set of terms please feel welcome.

What is radio?


https://www.sigidwiki.com/wiki/Database

e Radiois adevice that traditionally contained a oscillator, modulator and amplifier.
e Radio is electromagnetic waves in the range of 300 Hz to 300 GHz or wavelengths of
1,000 Km to Tmm

Radio waves are a form of electromagnetic radiation. Electromagnetic radiation is all around
us, in many forms. Sunlight, X-rays and radioactivity are other types of electromagnetic
radiation.

e |magine a wave.

e The distance between two wave peaks is one ‘cycle’. The number of cycles per second is
measured in Hertz (Hz).

e Thisisthe frequency.

e The frequency of radio waves is between 300 kHz and 300 GHz.

Wave oscillation diagram. Source: bestanimations.com

e Wavelength refers to the distance between two of the peaks in a wave.

e Wavelength has a direct relationship to frequency. The longer the wavelength the lower
the frequency.

e Forexample, NOAA satellites transmit radio waves at 137 MHz (137,000,000 Hz) and their
wavelength is 2.18m.

When we talk about radio waves we always specify the frequency or wavelength, since this
determines some key properties of the wave e.g. how far it can travel and what antenna you
need to tune to it.

An antenna is a device that can transmit and receive radio waves.
In today's workshop, our antennas will be receiving radio waves transmitted by antennas on

NOAA satellites. We will be receiving radio waves that originate from the antenna of the NOAA
satellite, pass through earth’s atmosphere, and arrive at earth’s surface.



Aouefa Ammoussouvi with her V-Dipole radio antenna during a DIY Satellite Ground Station Workshop; Stuttgart, 2020.
Source:open-weather

Antenna designs. Source: unknown.



Access to the radio spectrum

The radio spectrum is a noisy space.
Access to frequencies that are useful for telecommunication is negotiated.

Multiple transmissions on similar frequencies can interfere with each other.

Countries and regions have established agreements for the organisation of the radio
spectrum. Often, frequencies are auctioned to the highest bidder. Governments, militaries and
scientific institutions all make use of specific frequencies.

This is political.

Who governs the radio spectrum and how?
Who or what gets access?
Who is excluded?

What values, modes of governance, ways of being in the world are reproduced?

World Radiocommunication Conference 2015. Geneva, Switzerland. Source: International Telecommunication Union
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Zooming-in to the UK Frequency Allocation Chart around 137 Mhz, where NOAA satellites transmit.



Wi-Fiaccess point weatherised with flowerpot in Calais, France, 2015. Source: Jangala


https://www.janga.la/
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BEURSHANDEL SNELHEIDSRACE

Brits gehucht
kriyjgt zijn eigen
Eiffeltoren — voor
de flitshandel

Beursbedrijven zitten midden in cen race
Wie het snelst data tussen Frankfurt en
Londen verstuurt wint. Ecn netwerk van
radiotorens tussen de twee financiéle centra

moet microsecondes tijdwinst opleveren

Door Joost Dobbe

Fotografie: Eline Benjaminsen
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‘British hamlet gets its own Eiffel Tower - for high-frequency trading'(Brits gehucht krijgt zijn eigen Eiffeltoren - voor de flitshandel)
Source: Eline Benjaminsen

Our political position is a feminist one!

For us, feminism is intersectional. It is a project informed not only by gender and sexuality, but
also by race, class, location, ability, power and privilege.

As Lola Olufemi puts it, that ‘Feminist work is justice work'(2020: 5).

Feminism has a purpose beyond highlighting the ways women are discriminated against.
Instead feminism is about remedying the ‘consequences of gendered oppression through
organising and by proposing new ways to think about our potential as human beings’(Olufemi,

2020: 8). To do justice work’ is to remagine the world, toward a liberated future for all.

‘Feminism is a political project about what could be’(Olufemi, 2020: 1)



The open-weather feminist principles

Situated knowledge

we counter the smooth, seamless globe

we locate ourselves in specific place (geographic space, time, langauge, culture, gender,
sex, race, ability, class, ...)

we recognise that our view is always partial

Our bodies count

we centre the body as a technology that is entangled with radio antennas, cables and
software

e our bodies are written into satellite imagery
e and coded in different ways
Power
e Wwe recognise the histories and origins of the remote sensing technologies that we use

the vast power inequalities that are the intrinsic to remote sensing e.g. who is sensing
and who is being sensed
studying these power relations helps us deconstruct and subvert them

Access

radio amateurism too often excludes anyone who is not ‘pale, male, and stale’
guides are often written presuming prior knowledge, financial resources and leisure
limiting who has access to radio amateur technology and knowledge, limits how it is
used, for what purpose and to what ends.

These feminist propositions become tools and ways of working.

They inform everything we do, e.qg.

How we collaborate, make decisions, and organise

e Which spaces we choose to work in

How we theorise and conceptualise

e What we value and prioritise

A full list of our feminist principles is found in the open-weather feminist handbook.



https://almanacprojects.com/public-programme/open-weather-feminist-handbook

ALMANAC OPEN-WEATHER FEMINIST
HANDBOOK
Current 03 December 2020
Upcoming Onfine
Exhibitions . > .
Who or what gains power from satellite imagery, radio technology
Seaots and metearological data?
Publications
About Sophie Dyer and Sasha Engelmann join us as part of #almanaccare
Home by sharing for the first time the series of feminist principles guiding

their open-weather project, which probes the noisy relationships
between bodies, atmospheres and weather systems.

The open-weather feminist handbook has been informed by over two
years of openweather experiments in satellite imoge decoding,
amateur radio, open data, and feminist tactics of sensing ond séance.
Itis a living document co-written by Sasha Engelmann and Sophie
Dyer. Inspiration for this document comes from many ploces, but it is
informed greatly by the CLEAR Lob Handbook.

Foregrounding the body as a situated technology, as much os o
method ond analytic, the open-weather feminist handbook seeks to
be o shared resource to map and challenge structures and narratives
of domination involving weather dota collection and access, while
complicating ideas of the weather beyond the meteorological,

The event has been organised by Biance Stopponi.

Sophie Dyer is a feminist researcher, designer, and activist, speciolised
in visual and open source investigations. She works with Amnesty
International’s Evidence Lob and is on Affiliate of The Berkman Klein
Center for Internet & Society at Harvard University.

Sasha Engelmann explores interdisciplinary, feminist and creative
opprooches to environmental sensing. She is Lecturer in
GeoHumanities at Royal Holloway University of London and o fellow
ot Akademie Schloss Solitude, Stuttgart.

The project is supported by Arts Council England Grants for the Arts.

% <™ ARTs counciL
renoces | ENGLAND

Open-weather protocols written down. Alimanac, 2020.

Source: http

open-weather
handbook

The open-weather handbook is a shared resource and
series of values and positions that emerged over two
years during which the open-weather project took
shape. It is a living document co-written by Sasha
Engelmann and Sophie Dyer. Inspiration for this
document comes from many places, but it is informed
greatly by the CLEAR Lab Handbook.

It was last updated on 22 Dec. 2020 in Stuttgart,
Germany and London, UK.

In summary, as open-weather, we ask:
What would it mean to engage with the radio spectrum and satellite imagery in a feminist
mode?

Suggested break (20 min)

Developing a shared understanding of radio (1hour)
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Diagram of a transverse wave showing the wavelength and amplitude. Source: Unknown


https://almanacprojects.com/public-programme/open-weather-feminist-handbook

Modulation FM, AM, there are other common modes

Radio waves can carry information e.g. audio

‘Modulation’ refers to the way in which information, including audio, is stored or “encoded” into
aradio wave.

Common types of modulation include FM, AM, USB, LSB and CW (morse!)

Frequency modulation

The FM in “FM radio” refers to a type of modulation called frequency modulation. In FM the
information is contained in the frequency of the wave.

Amplitude modulation

The AMin“AM radio” refers to the type of modulation called amplitude modulation. In AM the
information is encoded in the amplitude of the wave.

Modulator

Carrier

n;
Amplitude! “Hl "M H H "’ 'l" M
Modulation Hm HH “"””\IH‘). HH\,:I"‘,\H\,;'
4 H|’| ‘I||‘HJ|]\”\||” V
l“ll
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Frequency
Modulation

AM and FM Modulation. Source: http://mriguestions.com/signal-squiggles.htmi


http://mriquestions.com/signal-squiggles.html

Transmissions from NOAA satellites are FM
meaning the transmitter on the satellite oscillates a carrier wave at the same frequency as an
audio signal.

Transmission and propagation

Transmission: How radio waves are passed from one place to another

Many things can transmit radio waves e.g. the sun
In this workshop we are interested in radio waves transmitted by antennas.
Antennas can transmit and receive radio waves

Radio waves travel through space and the atmosphere at the speed of light.

Propagation: How radio travels

The way radio waves behave when they travel is called propagation.
How radio waves propagate depends on the frequency.

Line-of-sight propagation
e Radio waves travelling a straight line from antenna to antenna
e Asthe name suggests, thisis limited to the line-of-sight, an so depends on how high
your transmitting and receiving antennas are positioned.
e Line-of-sightis used for medium range radio transmission including mobile phones,
wireless networks, FM radio, TV and NOAA satellites.

Skywave propagation
e Radio waves that travel beyond the horizon by being bounced (refracted) off the earth's
ionosphere - a layer of ionised particles between 70 and 400 km above the earth's
surface.
e Skywave propagationis influenced by the time of day, seasons, weather, and the
sunspot cycles, and so can be both unexpectedly useful and unreliable.



EARTH SURFACE
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Skywave Propagation. Source: RE Cafe

Tuning exercises: WebSDR

View: ®waterfall _blind = Allow keyboard:

Waterfall zoom
- [+
band
>< | <>

648.03 kHz AB |[A=B Filter: 7.67 kHz [ narrower || wider

— | — | = ] 0 | + | #+ | +++
cw | s | use [TAMD] FM | AMsync
Volume: = mute Audio recording | start

squelch [ Jautonotch [ noise reduction

-61.4 dBm; peak -61.4 dBm

A screenshot of the WebSDR interface that can be used to listen to the radio spectrum online.

WebSDR allows users to tune to software defined radios around the world.

In the following exercises, we will listen to the radio spectrum using WebSDR and a mini-loop
antenna at the University of Twente, Netherlands. The following exercises will get you
familiar with changing frequencies, modes and using a waterfall display, much like the
CubicSDR software we will use later to receive NOAA satellites.

Exercise 1: Radio Caroline'

In your browser, open: http://websdr.ewi.utwente.nl:8901/

In the Frequency Box (left under the waterfall) type in 648.

! This exercise is inspired by Hannah Kemp-Welch’s ‘Shortwave Listening Toolkit’, developed for workshops and community dialogues
through a commission for the global sound arts festival Reveil 2020 with Soundcamp.


https://www.rfcafe.com/references/electronics-world/ionospheric-propogation-predictions-electronics-world-april-1969.htm
http://www.websdr.org/
http://websdr.ewi.utwente.nl:8901/

In the ‘Waterfall Zoom’' box (below and right of the waterfall) use the + sign to zoom in until
you can see the orange labels.

Click and drag the waterfall display so that the signal you are receiving is in the middle of
your screen.

For Mode (CW, LSB, USB, AM, FM, etc) select AM.

Make sure the yellow signal selector (which looks like a thin yellow bracket under the
waterfall display) is covering the whole signal. Adjust the width of the yellow selector by
clicking one of its feet’and pulling it left or right. What can you hear? Anything?

After some listening, click directly on the number 639 under the waterfall display to listen to
Czech Radio Dvojka (only sometimes audible due to variable skywave propagation). What
other radio stations can you listen to by dragging the waterfall and clicking on different
frequencies?

View: @waterfall Oblind ~ Allow keyboard:

7118.371 kHz |AB |A=B Filter: 2.40 kHz narrower = wider Waterfall zoom

__-[__‘-1_0'+:+¢[¢++

cw USB | AM | FM | AMsync
Volume: =g mute Audio recording | start

Z \ +
band

>< i <>

squelch autonotch [_noise reduction

-92.8 dBm; peak -72.9 dBm

Exercise 2: Amateur Radio

In the Frequency Box, type in 7100.
Zoom in or out as needed.
For Mode, choose LSB.

Click around in the waterfall display to find a strong signal near / next to 7100 Khz. If possible,
determine what language is being spoken and (bonus!) what is being said.
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Exercise 3: Weather Report for Transatlantic Aircraft

(Note: This frequency can be silent - see if you get lucky!)

In the Frequency Box, type in 5505.
For Mode, choose USB.

Be sure the yellow cursor is centred on the transmission and capturing the full width of the
signal. What can you hear?

These are only some of the signals we can listen to by using WebSDR. Since radio
propagation changes with the quality of the ionosphere in the atmosphere, returning to
WebSDR at different times of the day will reveal different signals from different parts of the
world.

Satellites orbits and radio

The earth is surrounded by satellites. These satellites each use different radio frequencies to
send information back to earth’s surface. Many different forms of modulation are employed,
and many satellite transmissions are encrypted. NOAA satellites rely on radio waves to
transmit meteorological and environmental data to earth’s surface, and NOAA signals encode
data that can be demodulated by the public.
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The current space-based portion of the World Meteorological Organization's Global Observing System, plus additional space weather
and environmental satellites. Source: NOAA

NOAA satellites orbit around the poles of the earth in order to maximise the amount of
meteorological information collected and transmitted. It takes about 100 minutes for a NOAA
satellite to make a full orbit. As the earth spins underneath, the satellite passes over different
continents, oceans and places.

NOAA 15, NOAA 18 and NOAA 19 satellites follow a polar orbit. Each orbit takes approximately 102.1 minutes.



https://www.nesdis.noaa.gov/content/why-does-noaa-collaborate-internationally

What do NOAA satellites transmit? Right-hand circularly polarised electromagnetic waves.

Though it is beyond the scope of today’s introductory workshop, the FM modulated
transmissions of NOAA satellites are right-handed circularly polarised. This means that we
need antennas that are able to capture circularly polarised signals (V-dipoles, Turnstiles or
QFH antennas).

How do NOAA satellites collect data?

The images transmitted by NOAA satellites are produced by the satellite's primary scanning
instrument called the Advanced Very High Resolution Radiometer (AVHRR). The instrument is
designed to detect six channels of radiant energy from the surface of the Earth ranging from
the visible spectrum to infrared or thermal spectra.

As the satellite passes over a given part of the earth, the AVHRR sensors collect and transmit
data in near-real time. Think of the satellite as scanning Earth's surface line by line. In the
resulting images each pixel covers an area approximately 4 x 4 km.

How do they transmit data?

The NOAA satellites have radio antennas that transmit the data back to Earth on a frequency in
the 137 MHz range. To minimise interference between satellites, each NOAA satellite transmits
on a different frequency within the 137 MHz range.

Satellite APT transmission frequency | APT transmission frequency

in 1iMegaHertz or MHz

(most common format)

NOAA 19 137100000 137.1



https://en.wikipedia.org/wiki/Circular_polarization

NOAA 18 1379125600 137.9125

NOAA 15 137620000 137.62

How do NOAA satellites orbit?

NOAA satellites orbit the Earth in a sun-synchronous orbit. A sun-synchronous orbit is a nearly
polar orbit in which the satellite passes over a given point of the planet's surface at
approximately the same time everyday.

The NOAA satellites follow a Low Earth Orbit (LEQ) at around 800-1000 km.

Each NOAA satellite circles the Earth approximately every 100 minutes.

How long will the NOAA fleet be alive?

They may be turned off at any moment! This means there is a necessity to work with these
satellites before they stop transmitting.

Suggested long break (1 hour)

Software for radio reception (30 min)

Software-defined radio a.k.a. SDR

SDR is a virtual radio.



Radio shack. Source: DD1US

n.n.n. collective decoding a satellite pass in Stuttgart, January 2021.



How and SDR is part of a DIY satellite ground station

NOAA satellite

satellite image SDR
tumnstile antenna decoding software  software

137 MHz WXtolmg
1 \ ) B

PL-259 connector ——

RF cable dongle

l |

connector

A DIY Satellite Ground Station, including hardware and software. Open-weather CC BY 4.0

This diagram shows how an antenna connects to a radio frequency cable, then to a dongle, and
to alaptop. Depending on what kind of antenna and set of cables you have, you may have a
longer USB cable that connects your dongle to your laptop. Do note that newer Macs will
require a USB-C to USB-A adapter so that the dongle can plug in to the computer’s USB ports.

Installing a software defined radio
and a sound editing programme, if needed

Everyone should install CubicSDR and Audacity, if you don't have it already.

CubicSDR is a software defined radio programme that allows you to tune to frequencies in
the electromagnetic spectrum, including the frequencies used by NOAA satellites.

Windows users also need a software called Zadig.

For the following operating systems, download and install:




Mac OS

e (CubicSDR for Mac
e Audacity for Mac

Windows
e CubicSDR for Windows™

e Zadig*
e Audacity for Windows
*Save the file on your device somewhere that is not ‘Program Files' e.qg. your desktop

Linux

e (CubicSDR for Linux or get the Skywave Linux package
e Audacity for Linux

Antenna assembly and set-Up (15 min)

Example antenna types suitable for receiving NOAA satellites:

e V-Dipole antennas are versatile and inexpensive. When set up, they look like a V
e Turnstile antenna looks like two metal crosses along a metal pole.
e Quadrifilar Helix antenna looks like a spiral of DNA

If you are using v-dipole antennas in the workshop:

e Assemble the antenna kit

e Extend the metal dipolesto54.5cm

(54.5 cmis s quarter of the wavelength of 137.5MHz)

Open the dipoles 120 degrees apart

Use the mini tripod to angle the v-dipole so that it is parallel to the ground
Orientate the antenna so that it is on a North-South axis



https://github.com/cjcliffe/CubicSDR/releases
https://www.audacityteam.org/download/mac/
https://github.com/cjcliffe/CubicSDR/releases/download/0.2.4/CubicSDR-0.2.4-win64.exe
https://zadig.akeo.ie/
https://www.audacityteam.org/download/windows/
https://www.ab9il.net/software-defined-radio/cubicsdr.html
https://www.ab9il.net/linux/skywavelinux.html
https://www.audacityteam.org/download/linux/
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Left: top view of V-Dipole. South is to the top. Right: side view of V-Dipole. South is to the right.

If you are using turnstile antennas in the workshop:

Build up your antenna by screwing the short metal pieces into the ‘top’ of the antenna pole,
and the longer ones toward the bottom. When the satellite pass is due to begin, you will start
by pointing the antenna at the horizon that the satellite is due to crest. (Hint: If a satellite
pass is ‘Northbound' start by pointing your antenna South; if a pass is ‘Southbound’ point your
antenna North).

You will need to track the satellite as it orbits overhead during the pass. This means you need
to know the satellite’s maximum elevation, and how long the pass will last. At the end of the
pass your antenna should be pointing at the opposite horizon.




M6NYX uses a turnstile antenna for a NOAA pass that is almost 90 degrees at its maximum elevation. Source: open-weather

Launching your DIY satellite ground station (30 min)

Mac 0S

1. Build up antennas and link cables and dongles to computers.

2. Make sure your dongle is plugged securely into a USB port on your laptop. Launch
CubicSDR

3. In the dialog window select your dongle from the Devices list and click Start. For the
RTL-SDR dongle select "Generic RTL2832U OEM :: 00000001".




(e} CubicSDR :: SDR Devices

¥ Devices SoapySOR Device Options
¥ Local

Apple Inc.: External Microphone

Name Generic RTL2832VU OEM :: 00

Apple Inc.: MacBook Pro Microphone

ingalls for Cycling '74: Soundflower (2¢ Dftast 004) o
mas+ fnga' s ¥ ) 9 ‘ Sample Rate 1.92MHz
ma++ ingalls for Cycling '74: Soundflower (6¢ = . _

Generic RTL2832U OEM :: 00000001 Oirect Sampling oft
Local Net Offset Tune False
Remote 1Q Swap False
Manual ¥ Stream Settings

Butfer Size 262144

Ring butfers 15

Async butfers 0
Refresh Add Start

Ready.

4. To check CubicSDR is working, click anywhere on the top waterfall window. You will hear
static / radio noises and see the waterfall moving.

5. Tune to a frequency. There are several easy ways to tune to a frequency in CubicSDR

Under the label 'Frequency’, click on the upper and lower halves of the numbers. This will
change the numbers and thus the frequency you are listening to.

| 100890000

100.1 100.2 1003

Or, click on the lower waterfall.

Begin typing a number. A pop-up window will appear. Complete typing the frequency you
want and, on your keyboard, press Return. Remember, the default until is Megahertz, always
written as MHz. Megahertzis a unit of frequency equal to one million hertz.




o Set Demodulator Frequency
100

6. To change "Modulation type" or modes, on the top left select AM, FMS, NBFM, AM, LSB,
USB, DSB, I1/Q0. NOAA satellite transmissions are FM, which is the acronym for Frequency
Modulation.

7. Adjust the bandwidth. Under the label Bandwidth, click on the upper and lower parts of the
numbers.

8. Adjust the audio output volume. In the top left, click and drag the vertical green bar.
9. Set the Recording Path for the audio recording that you will make of the satellite pass. Go

to Recording >> Set Recording Path. You cannot make an audio recording before setting the
recording path.

10. Optional: Practice tuning to different frequencies and using different kinds of
modulation:

e 101 Mhz: FM Broadcast Radio

e 800 kHz: Long Wave AM Radio

e 17/ Mhz: Amateur bands

e 137Mhz: VHF

| 137100813 40000 137100813

1371MHz FM
94.35092MHz FM
101.9598MHz FM
106.1974MHz FM
102.1712MHz AM

coe! [

Freq 137.1008MHz

BW 43.4KHz
Type FM

Screenshot of CubicSDR while NOAA-19 is just beginning to appear. Notice faint dashes and dots in the upper waterfall.




Windows 0S

1. Assemble your antenna and connect your antenna to your RTL-SDR dongle. Plug your
dongle into a USB port in your laptop.

2. Open Zadig.
3. In Zadig, go to "Options->List All Devices" and make sure this option is checked. If you are

using Windows 10, in some cases you may need to also uncheck "Ignore Hubs or Composite
Parents".

P

E4 Zadig o @
Device [ Options | Help

v List All Devices
Printe_

Ignore Hubs or Composite Parents ']' Edit

- More Information

Sign Catalog & Install Autogenerated Certificate I~ WinUSB (ibusb)

USE IT Advanced Mode libusb-win32
libusbK
WinUSB (Microsoft

v
v Create a Catalog File
Driver s

WCID Log Verbosity 4

9 devices found.

4, Select "Bulk-In, Interface (Interface 0)' from the drop down list. Note on some PCs you may
see something like RTL2832UHIDIR or RTL2832U instead of the bulk in interface. This is also
a valid selection. Double check that USB ID shows "0BDA 2838 00" as this indicates that the
dongle is selected. If you have a choice between ‘Bulk-In, Interface (Interface 0) and
‘RTL2832UHIDIR’, but only ‘Bulk-In, Interface (Interface 0) shows the correct USB ID (0BDA
2838 00) choose ‘Bulk-In, Interface (Interface 0Y.

WARNING: DO NOT select anything else or you will overwrite that device's driver! DO NOT
click around randomly in Zadig. If you do you are likely to overwrite your mouse, keyboard,
printer, soundcard etc drivers. Many bad reviews we get are due to people clicking around
randomly in Zadig, so PLEASE check what you are doing first.

5. We need to install the WinUSB driver, so also ensure that WinUSB is selected in the box
after the green arrow (this is the default selection). Double check all the text as shown in the
image below. If you are installing your RTL-SDR dongle for the first time, the box next to the
word ‘Driver’ may say ‘None’ because no drivers have been installed yet. That's completely
fine.




,E Zadig o] B (3

Device Options Help

Bulk-In, Interface (Interface 0) '] [ Edit
Driver ~RTL2832UUSB (v64.1.521.2( @) WinUSB (v6.1.7600.16385) = Hore Information
— WinUSB (libusb)
USBID OBDA 2838 00| libusb-win32
R~ Replace Driver v libusbK
wc= X p WinUSE (Microsoft)

11 devices found.

6. Click ‘Replace Driver’ or ‘Install Driver’. On some PC's you might get a warning that the
publisher cannot be verified, but just accept it by clicking on "Install this driver software
anyway". This will install the drivers necessary to run the dongle as a software defined radio.?

e o

%d Windows Security

@ Windows can't verify the publisher of this driver software

< Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

-t} Install this driver software anyway

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

v) See details

7. Exit Zadig and launch CubicSDR. Make sure your RTL-SDR dongle is still properly plugged
into a USB port on your laptop.

8. In the dialog window select your dongle from the Devices list and click Start. For the
RTL-SDR dongle select "Generic RTL2832U OEM :: 00000001".

% Steps 3-6 are sourced from the RTL-SDR quick start guide: https://www.rtl-sdr.com/rtl-sdr-quick-start-guide/



(e} CubicSDR :: SDR Devices

¥ Devices SoapySOR Device Options
¥ Local

Apple Inc.: External Microphone

Apple Inc.: MacBook Pro Microphone 07,:: (KH2) :Mem s omEe
ma«++ ingalls for Cycling '74: Soundflower (2¢ Sample Rate 1.92MHz
ma++ ingalls for Cycling ‘74: Soundfiower (6¢ o . Sottinas
Oicect Sampling ot
Local Net Offset Tune False
Remote 1Q Swap False
Manual ¥ Stream Settings
Butfer Size 262144
Ring butfers 15
Async butfers 0
Refresh Add Start

Ready.

9. To check CubicSDR is working, click anywhere on the top waterfall window. You will hear
static / radio noises and see the waterfall moving.

10. Tune to a frequency. There are several easy ways to tune to a frequency in CubicSDR

Under the label 'Frequency’, click on the upper and lower halves of the numbers. This will
change the numbers and thus the frequency you are listening to.

| 100890000

100.1 100.2 1003

Or, click on the lower waterfall.

Begin typing a number. A pop-up window will appear. Complete typing the frequency you
want and, on your keyboard, press Return. Remember, the default until is Megahertz, always
written as MHz. Megahertzis a unit of frequency equal to one million hertz.




(] Set Demodulator Frequency
100

11. To change "Modulation type" or modes, on the top left select AM, FMS, NBFM, AM, LSB,
USB, DSB, I/Q0. NOAA satellite transmissions are FM, which is the acronym for Frequency
Modulation.

12. Adjust the bandwidth. Under the label Bandwidth, click on the upper and lower parts of
the numbers.

13 Adjust the audio output volume. In the top left, click and drag the vertical green bar.
14. Set the Recording Path for the audio recording that you will make of the satellite pass. Go
to Recording >> Set Recording Path. You cannot make an audio recording before setting the

recording path.

15. Optional: Practice tuning to different frequencies and using different kinds of modulation

BONUS!

Frequency Mode Band Content

101 MHz FM VHF FM broadcast frequencies

7 MHz FM HF 40 m amateur bands - also known as shortwave
800KHz AM MF  AM broadcast frequencies

Bands

MF (medium frequency)- 300 KHz - 3 MHz

HF (high frequency)- 3 MHz - 30 MHz

VHF (very high frequency) - 30 MHz - 300 MHz
UHF (ultra high frequency) - 300 MHz - 3GHz



IPIDOWN
94.35092MHz FM adjust visual gain, right-click 1o reset it- "8' to

101.9598MHz FM e toggie decibals display.
106.1974MHz FM
102.1712MHz AM

Freq 137.1008MHz
BW 43.4KHz
Type FM

™M

Screenshot of CubicSDR while NOAA-19 is just beginning to appear. Notice faint dashes and dots in the upper waterfall.

CubicSDR settings for receiving a NOAA satellite

Other than setting up your antenna, linking your antenna to your computer and starting
CubicSDR as explained in the previous section, there are three key CubicSDR settings you
need to remember for recording NOAA satellite transmissions.

Frequency

You always need to tune to the frequency of the NOAA satellite you are trying to capture
NOAA 19 =137100000
NOAA 18 =137912500
NOAA 15 =137620000

Bandwidth
Keep this at 45000 Hz to select the breadth of the satellite signal.

Modulation or Mode

Always select ‘FM"as your mode for capturing NOAA satellite signals.

Pre-satellite pass checklist

e [syour antenna built up correctly?
o If using a v-dipole
m the metal dipolesare 54.5cm
m the dipoles are 120 degrees apart
e |syour antenna linked to your dongle, and is the dongle plugged into a USB port?
e Areyou tuned to the correct frequency of the satellite?
e Areyouusinga 45,000 KHz bandwidth?



e Are you demodulating the signal with FM?
e [o youunderstand how to start and stop the audio recording?
e |f using aturnstile antenna, do you know which direction the satellite is coming from?

Receiving your first NOAA satellite pass

1. Set up your antenna using the Antenna Assembly and Set-Up instructions. Link your antenna
to your dongle to your laptop. Launch CubicSDR and tune to the frequency of the NOAA
satellite. Input the correct bandwidth (45000) and make sure that ‘FM'is selected as your
mode.

2. The satellite signal looks like a faint series of dots and dashes that will begin to appear on
the waterfall display of your CubicSDR software around two or three minutes after the pass
officially begins. It sounds like a ringing tone with some distinctive tick tocks about every 0.5
seconds.

3. When the audible signal becomes relatively clear, click “start audio recording” in the lower
left hand corner of the CubicSDR interface order to start recording the sound / data of the
satellite and save it for processing later.

4. Listen! The clarity and precision of the satellite sound will tell you a lot about how well you
are receiving the pass, and how well you are pointing the antenna (if using a turnstile).

5. If you are using a Turnstile antenna, remember to track the satellite as it orbits overhead. If
you are using a V-Dipole, you don't need to adjust the antenna throughout the pass.
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Curator Olivia Berkowicz and artist / biophysicist Aouefa Amoussouvi track a NOAA satellite at Akademie Schloss Solitude, Stuttgart,
2021. Source: open-weather

6. Once the pass is over (when the sound of the satellite fades into static)“stop the audio
recording” by clicking the same button you used to start it. The WAV file will be automatically
saved in the folder where you ‘set the recording path’. Now you have saved the satellite
transmission and you can decode it into an image!

Set up for first satellite pass (30 min)

A satellite pass should be programmed in the day by workshop leaders! "

Satellite image decoding (30 min)

Congratulations! You now have a WAV file saved on your computer. The WAV file contains the
2400 Hz amplitude modulated (AM) signal that sonically carries the information that will
compose the image.

What tools can you use to process the WAV file into an image?



Web apps and software

open-weather apt

In collaboration with Bill Liles and Grayson Earle, open-weather recently launched a new,
accessible, online decoder for NOAA satellite images. You don't need to install it, simply go to:
http://apt.open-weather.community

APT 3000

Open-weather apt is forked from APT 3000, another browser-based decoder, though with less
features.

There are many other advanced satellite signal decoders that enable you to add colour to your
image, add a map overlay, and play with the sensor data.

Installing software on your laptop (not covered in the workshop)

WXtolmg is a powerful software for satellite signal decoding. It enables a high level of
processing of imagery. However this is a closed source, outdated software, and it will only
work on Windows OS or Mac OS up to Mojave (not Catalina or Big Sur).

e WXtolmg for Windows: Download here

e WXtolmg for Mac up to Mac OS Mojave: Download here.

NOAA APT 1.3.0 is an open source satellite signal decoding software that enables colour
enhancements and map overlays. It was created by open source programmer Martin Bernardi
and collaborators. NOAA APT 1.3.0 is the only advanced satellite signal decoding software
available for Macs running Catalina and Big Sur. However it cannot be directly downloaded.
Rather it is necessary to ‘compile’ the software by putting code into the Terminal application of
your Mac. It takes about 30 minutes to compile NOAA APT 1.3.0 on a Mac running Catalina or
Big Sur. It's fun!

See the open-weather guide ‘How to Compile NOAA APT 1.3.0 on Mac OS' here.

Resampling your NOAA Audio Recording
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http://apt.open-weather.community
http://jthatch.com/APT3000/APT3000.html
https://wxtoimgrestored.xyz/
https://www.wxtoimgrestored.xyz/beta/wxinst21102-beta.exe?_ga=2.216602197.231930135.1625427923-551911506.1625427923
https://www.wxtoimgrestored.xyz/beta/WXtoImg21102-beta.dmg
https://noaa-apt.mbernardi.com.ar/
https://publiclab.org/notes/sashae/07-02-2020/how-to-compile-noaa-apt-1-2-0-on-mac

In order to use on of the web apps or software listed above, you first need to resample your
WAV file using Audacity:

1. Locate the WAV file that you recorded during the satellite pass.

2. Open the file with Audacity.

3. In the lower left hand corner, change the project rate to 11025 Hz.

4. Go to Tracks >> Resample.

5. In the dialogue box, choose 11025 and then ‘Resample’.

6. After a couple seconds the track will be resampled.

7. Go to File >> Export >> WAV and export the resampled audio file in 16 bit WAV format to your

chosen destination. Remember to add something like ‘Resampled’ to the file name and .wav’ at
the end so that it saves as a WAV file.




NOAA-19 N 73W 2021-05-07 decoded by Sasha Engelmann from Burgess Park, South London. Source: open-weather

Decoding your NOAA Audio Recording

Now that you have resampled the WAV file you recorded during the satellite pass, you can
translate or decode it into an image. There are many different tools that you can use. Different
software options were listed above in the section ‘Web apps and software’

The simplest and quickest way to find out what you have captured is to use open-weather apt,
an accessible online satellite signal decoder, through your favourite browser.

e (o tohttp://apt.open-weather.community
Upload your 11025 Hz WAV file.
Select a demodulation method (we recommend trying them all!)
Click ‘decode image’ and then choose which channel you want to view (e.g. A, B or AB).
If your image appears slanted or glitchy, try increasing the number of seconds in the
sync search box.

Another browser decoder option is APT 3000: http://jthatch.com/APT3000/APT3000.html

Open-weather apt and APT 3000 are wonderful, but they do not support adding a map overlay
to your image (yet). See below for examples of satellite images decoded using NOAA APT 1.3.0
and WXtolmg. See the section ‘What Software Do | Need? for more information on these
decoders and where / how to get them.

Decoding Processing Saving
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http://apt.open-weather.community
http://jthatch.com/APT3000/APT3000.html

NOAA APT 1.3.0, an open source decoder by Martin Bernardi. Screenshot of the decoding interface.
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iDone.

WXtolmg: a closed source, outdated satellite decoder that still works well on older Macs and Windows OS.

If you are using an older Mac OS system (an OS up to Mojave) or a Windows 0S, you can also try
‘live decoding’ your next satellite pass. Instead of recording the audio of the satellite through
CubicSDR, you will ‘pipe’ the audio from CubicSDR directly to WXtolmg, and WXtolmg will
decode the sound into an image in real time. Open-weather have written a simple guide for
live-decoding NOAA satellite passes that you can find here.

Day 02

Second satellite pass (30 min - 1 hour)
Suggested Break (15 mins)

How can | do this on my own? (30 min)

Finding a good pass to decode

In this section we will explore how you identify a satellite orbit over your location. NOAA
satellites only pass over specific locations for periods of 5-11 minutes at a time. It is important
to know when a pass will begin!


https://publiclab.org/notes/sashae/06-26-2020/diy-satellite-ground-station

1. First, go to https://www.n2yo.com; this page will pull your GPS coordinates from your
computer’s IP address. Take a look at the box in the lower right hand side of the screen under
the title "Your current location’. Are your GPS coordinates correct? If so, you don't need to
make an account at this stage. If the coordinates are not correct (the page has not been able
to locate your computer) click ‘set your custom location’ and make a free account. Once you
have made an account, input the coordinates of your observing location. For London, the
coordinates are: 51.5072, -0.1276

2. In the top menu under “Most Tracked” select one of the NOAA satellites. Currently, NOAA 15,
NOAA 18 and NOAA 19 in orbit. As an example, let's select NOAA-19 from the list. On the page
you land on next, select “10-day predictions”.

3. You will now see a list of all NOAA-19 passes over your location for the next 10 days.

4. In the table, take a look at the ‘start time’(the time the pass starts), the Max Altitude (at what
elevation the satellite will be when it is highest) and the End time (when the pass ends). Take
note especially of the number under the column that reads “El". This is the maximum elevation.
You are most likely to receive an image from a NOAA satellite when the maximum elevation is
above 45 degrees. — Why do you think we selected the 17:41 UTC NOAA-19 satellite pass for
todays' workshop?

5. If you click the link for ‘Map and Details’ you can also see a map of the satellite’s orbit path.

Non 18:12 ba

|

NOr 18:10
e Stockholm

Moscow
Q

Istanbul

Q

Madrid 18:04

18:02 Baghdad

Cairo
o

incic

' Leaflet | © OpenStreetMap contributors, Esri

6. If you cannot find a good NOAA-19 pass over your location, try going back to “Most Tracked”
and selecting NOAA 15 or NOAA 18. Then as you did before, click ‘10 day predictions’ to see the
orbits of these satellites over your location over the next 10 days.


https://www.n2yo.com

Where you set-up your ground station

MB6I0R receives a NOAA pass from Bude, Cornwall, 2019. Source: open-weather

Canyou receive a NOAA satellite signal inside a building? Probably not, unless you are standing
on a balcony holding your antenna with a good view of the sky.

The NOAA transmission is best received from a wide open area with a good horizon. This could
be a park, a parking lot, a rooftop, a hill, a beach or a balcony (as long as the balcony has a clear
view of the path of the satellite)

Take some time to determine the location you will use. Make sure you can comfortably arrange
your antenna, cables and the laptop. A blanket or chair is often useful to keep the laptop off
the ground.

Where to buy an antenna or how to make one?

There are several antenna options for receiving NOAA satellite images:

e Turnstile antenna(£38)
In open-weather we use 137 MHz turnstile antennas from AMSAT UK. However the AMSAT
UK online shop is frequently sold out. They can be ordered from the original supplier

Winkler Spezialantennen.


https://shop.amsat-uk.org/FUNCube_TLM_Receive_Antenna/p3815740_15628535.aspx
https://www.winklerantennenbau.de/
https://www.winklerantennenbau.de/

e Quadrifilar Helix (OFH)
e \-dipole or Double Cross Antenna.

Can | make my own antenna for capturing NOAA images?
Yes! Here are some tutorials:

How to make a V-dipole antenna

How to make an antenna out of an umbrella
How to make a double cross antenna

How to make a Quadrifilar Helix (OFH) Antenna

Suggested break (1hour)

Open discussion (1 hour)

Nowcast; 6 Sep 2020 About Archive Learn Submit

First open-weather nowcast, Our Networks, 6 September 2020. Source: open-weather

Additional resources

Open-weatheris on Public [ ab: here we host the DIY Satellite Ground Station quides,
instructions for compiling NOAA APT on Macs running Catalina and Big Sur, and other
technical, educational and practical materials. You can ‘ask a question’ ‘write a research note’
or comment on open-weather guides and materials to join the dialogue around the project.
Visit: https://publiclab.org/wiki/open-weather



http://tinhatranch.com/how-to-build-a-qfh-quadrifilar-helix-antenna-to-download-images-from-weather-satellites/#.Xv2Yg5NKj3A
https://www.rtl-sdr.com/simple-noaameteor-weather-satellite-antenna-137-mhz-v-dipole/
https://imgur.com/a/TiZ41
https://www.rtl-sdr.com/simple-noaameteor-weather-satellite-antenna-137-mhz-v-dipole/
https://www.rtl-sdr.com/building-a-simple-noaa-apt-antenna-out-of-an-umbrella/
https://www.rtl-sdr.com/instructions-for-building-a-double-cross-antenna-great-for-noaameteor-weather-satellites/
https://usradioguy.com/wp-content/uploads/2020/05/20200307-How-To-Build-A-QFH.pdf
https://publiclab.org/
https://publiclab.org/notes/sashae/06-26-2020/diy-satellite-ground-station
https://publiclab.org/notes/sashae/07-02-2020/how-to-compile-noaa-apt-1-2-0-on-mac
https://publiclab.org/wiki/open-weather

To read our feminist principles and how they inform the practices in open-weather, check out
the Open-weather Feminist Handbook:
http://almanacprojects.com/public-programme/open-weather-feminist-handbook

RTL-SDR Blog: This is a great resource for updates on all things related to software defined
radio, including how to receive different meteorological satellites (Meteor M-N2) and
geostationary satellites like GOES-13.

https://www.rtl-sdr.com/

APT Group: Facebook group with 3-4k members where you can post questions or problems
and get answers:
https://www.facebook.com/groups/Satellite.apt.group



http://almanacprojects.com/public-programme/open-weather-feminist-handbook
https://www.rtl-sdr.com/
https://www.facebook.com/groups/Satellite.apt.group




