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SatNOGS – State of the UnionSatNOGS – State of the Union

by Alfredos (fredy) Damkalisby Alfredos (fredy) Damkalis
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SatNOGS ProjectSatNOGS Project

A quick overviewA quick overview
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SatNOGS Project – A quick overviewSatNOGS Project – A quick overview

An open source global network An open source global network 
of satellite ground stations of satellite ground stations 

focused on automating ground focused on automating ground 
segment operations.segment operations.
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SatNOGS Project – An overviewSatNOGS Project – An overview

Ground Segment Operations:Ground Segment Operations:
● Telemetry and TC&C capabilitiesTelemetry and TC&C capabilities

● VHF, UHF, L-Band, S-BandVHF, UHF, L-Band, S-Band
● Telemetry and data visualizationTelemetry and data visualization

● Observation Artifacts CollectionObservation Artifacts Collection
● Data from satellitesData from satellites
● Waterfall(spectrogram), audio Waterfall(spectrogram), audio 

and IQ dataand IQ data
● Orbit determinationOrbit determination
● Orbital data generationOrbital data generation
● Satellite identificationSatellite identification
● Record of frequency violationsRecord of frequency violations
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SatNOGS Project – A quick overviewSatNOGS Project – A quick overview

An Open Source Stack:An Open Source Stack:
● Software projectsSoftware projects
● Hardware projectsHardware projects
● ServicesServices
● Collection of DataCollection of Data
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SatNOGS Project – A quick overviewSatNOGS Project – A quick overview

An Open Source Stack:An Open Source Stack:
● Software projectsSoftware projects
● Hardware projectsHardware projects
● ServicesServices
● Collection of DataCollection of Data

Contributors:Contributors:
● UniversitiesUniversities
● OrganizationsOrganizations
● Space AgenciesSpace Agencies
● Satellite Teams/MissionsSatellite Teams/Missions
● The Radio Amateur CommunityThe Radio Amateur Community
● ScientistsScientists
● EngineersEngineers
● ResearchersResearchers
● Space EnthusiastsSpace Enthusiasts
● IndividualsIndividuals
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Ground Station:Ground Station:
● Control software (satnogs-client)Control software (satnogs-client)
● Radio software (gr-satnogs & Radio software (gr-satnogs & 

satnogs-flowgraphs)satnogs-flowgraphs)
● Hardware componentsHardware components

Web & other Services:Web & other Services:
● Network (Network (satnogs-network))
● DB (satnogs-db)DB (satnogs-db)
● Decoders (satnogs-decoders)Decoders (satnogs-decoders)
● Grafana dashboardsGrafana dashboards

SatNOGS Project – A quick overviewSatNOGS Project – A quick overview

Operations:Operations:
● Observations schedulingObservations scheduling
● Satellites identificationSatellites identification
● Orbits determinationOrbits determination
● Orbital data (TLE) generation Orbital data (TLE) generation 
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Ground Station – satnogs-clientGround Station – satnogs-client

Control Software:Control Software:
● Receive Jobs from Receive Jobs from 

SatNOGS NetworkSatNOGS Network
● Performs ObservationsPerforms Observations
● Uploads Observations Uploads Observations 

Artifacts to SatNOGS Artifacts to SatNOGS 
Network & SatNOGS DBNetwork & SatNOGS DB
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Ground Station – satnogs-clientGround Station – satnogs-client

Last year:Last year:
● Transition to docker Transition to docker 

containers architecturecontainers architecture
● Bug fixes & maintenanceBug fixes & maintenance

Future:Future:
● Add missing features in docker Add missing features in docker 

containers architecturecontainers architecture
● New interfaces for radio control New interfaces for radio control 

and Network communicationand Network communication
● Support SatNOGS Network based Support SatNOGS Network based 

configurationconfiguration
● Changes in Doppler shift Changes in Doppler shift 

compensationcompensation
● Add graphical user interface (GUI)Add graphical user interface (GUI)
● Support TX to satellitesSupport TX to satellites
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Ground Station – gr-satnogs & satnogs-flowgraphsGround Station – gr-satnogs & satnogs-flowgraphs

Radio Software:Radio Software:
● Responsible  for processing, Responsible  for processing, 

demodulating and/or demodulating and/or 
decoding of received signals decoding of received signals 
based on GNU Radiobased on GNU Radio

● Produces observations Produces observations 
artifacts (spectogram, artifacts (spectogram, 
audio, data frames, IQ data)audio, data frames, IQ data)
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Ground Station – gr-satnogs & satnogs-flowgraphsGround Station – gr-satnogs & satnogs-flowgraphs

Last year:Last year:
● Transition to Transition to GNU Radio 3.10 GNU Radio 3.10 
● Transition to docker Transition to docker 

containers architecturecontainers architecture
● New interface for radio controlNew interface for radio control
● New interface for sharing New interface for sharing 

observation artifactsobservation artifacts
● Bug fixes and maintenanceBug fixes and maintenance

Future:Future:
● Update to latest GNU RadioUpdate to latest GNU Radio
● On-the-fly flowgraphs based on On-the-fly flowgraphs based on 

satellite transmitter parameterssatellite transmitter parameters
● Improve current & support new Improve current & support new 

modes/modulationsmodes/modulations
● Improve interfaces for radio Improve interfaces for radio 

control and artifacts sharingcontrol and artifacts sharing
● Support TX to satellitesSupport TX to satellites
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Ground Station – Hardware componentsGround Station – Hardware components

Harware components:Harware components:
● AntennasAntennas
● RotatorsRotators
● Electronic components Electronic components 

(LNA, filter, multiplexer etc)(LNA, filter, multiplexer etc)
● Station kitsStation kits
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Ground Station – Hardware componentsGround Station – Hardware components

Last year:Last year:
● SatNOGS Kit developmentSatNOGS Kit development
● Development and showcasing Development and showcasing 

of stations by our contributors of stations by our contributors 
(e.g. S-band stations)(e.g. S-band stations)

Future:Future:
● More development, More development, 

documentation, testing documentation, testing 
and experimentation with and experimentation with 
hardware componentshardware components
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Web & Other Services – satnogs-networkWeb & Other Services – satnogs-network

SatNOGS Network:SatNOGS Network:
● Stations managementStations management
● Observations schedulingObservations scheduling
● Store, display & rate Store, display & rate 

observations artifactsobservations artifacts
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Web & Other Services – satnogs-networkWeb & Other Services – satnogs-network

Last year:Last year:
● Transition from NORAD ID to Transition from NORAD ID to 

SatNOGS Satellite IDSatNOGS Satellite ID
● Performance improvements, Performance improvements, 

bug fixes & maintenancebug fixes & maintenance
● UI/UX improvementsUI/UX improvements

Future:Future:
● Support multi-rating of Support multi-rating of 

observations artifactsobservations artifacts
● Transition from spectrogram Transition from spectrogram 

image artifact (waterfall) to image artifact (waterfall) to 
spectrogram data artifactspectrogram data artifact

● Automated scheduling with Automated scheduling with 
priority listspriority lists

● Improve API & API clientImprove API & API client
● Improve statistics UI/UXImprove statistics UI/UX
● Improve user documentationImprove user documentation
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Web & Other Services – satnogs-networkWeb & Other Services – satnogs-network

Current Data Last Year

~290 Online Stations ~270

~180 Testing Stations ~165

~5550 Observations/day ~5400

~43000 Demodulated Frames/Day ~69000
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Web & Other Services – satnogs-dbWeb & Other Services – satnogs-db

SatNOGS DB:SatNOGS DB:
● Crowed-sourced database for Crowed-sourced database for 

satellites & transmissionssatellites & transmissions
● Observation artifacts storageObservation artifacts storage
● Orbital data (TLE) storageOrbital data (TLE) storage
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Web & Other Services – satnogs-dbWeb & Other Services – satnogs-db

Last year:Last year:
● Restructure & documentation Restructure & documentation 

for satellite and transmissions for satellite and transmissions 
“suggestions” functionality“suggestions” functionality

● Performance improvements, Performance improvements, 
bug fixes & maintenancebug fixes & maintenance

● UI/UX improvementsUI/UX improvements

Future:Future:
● New API endpoints for New API endpoints for 

data/frames receptiondata/frames reception
● More detailed transmission More detailed transmission 

parametersparameters
● Crowed-sourced launches Crowed-sourced launches 

database and related UI/UXdatabase and related UI/UX
● Improve API & API clientImprove API & API client
● Improve statistics UI/UXImprove statistics UI/UX
● Improve user documentationImprove user documentation
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Web & Other Services – satnogs-dbWeb & Other Services – satnogs-db

Current Data Last Year

2398 Satellites 1867 Satellites

2161 Satellite 
suggestions

2443 Satellite 
suggestions

4355 Transmitters 3391 Transmitters

1835 Transmitter 
suggestions

2113 Transmitter 
suggestions

~290 million frames 
by ~5116 stations

(Network & 3rd party)

~239 million frames 
by ~4693 stations

(Network & 3rd party)



22/30

Web & Other Services – satnogs-decodersWeb & Other Services – satnogs-decoders

Decoders Service:Decoders Service:
● Describe the satellite frames Describe the satellite frames 

encoding in katai.io structure encoding in katai.io structure 
● Automatically produced Automatically produced 

decoder scripts based on the decoder scripts based on the 
structure descriptionsstructure descriptions
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Web & Other Services – satnogs-decodersWeb & Other Services – satnogs-decoders

Last year:Last year:
● 27 new decoders27 new decoders
● Improvements & bug fixes on Improvements & bug fixes on 

existing decodersexisting decoders
● More people and satellite teams More people and satellite teams 

involved in the processinvolved in the process
● Decoded ~43% of all DB framesDecoded ~43% of all DB frames

Future:Future:
● New DecodersNew Decoders
● Involve more people Involve more people 

and satellite teamsand satellite teams
● Improve process and Improve process and 

documentationdocumentation
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Web & Other Services – Grafana DashboardsWeb & Other Services – Grafana Dashboards

Dashboards Service:Dashboards Service:
● Display/Visualize Display/Visualize 

decoded data from decoded data from 
satellite transmissions satellite transmissions 
in Grafana dashboardsin Grafana dashboards
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Web & Other Services – Grafana DashboardsWeb & Other Services – Grafana Dashboards

Last year:Last year:
● New dashboards created by the New dashboards created by the 

community and satellite teams, community and satellite teams, 
some before deploymentsome before deployment

● Dashboards use by satellite Dashboards use by satellite 
teams for mission analysisteams for mission analysis

● Dashboards use for radio Dashboards use for radio 
amateurs services/needsamateurs services/needs

● Grafana software updateGrafana software update

Future:Future:
● New DashboardsNew Dashboards
● Involve more people and Involve more people and 

satellite teamssatellite teams
● Keep Grafana updatedKeep Grafana updated
● Experiment with Grafana Experiment with Grafana 

features (e.g. alerts)features (e.g. alerts)
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Operations – Observations SchedulingOperations – Observations Scheduling

Last year:Last year:
● Improvement on external Improvement on external 

auto-scheduler softwareauto-scheduler software
● Scheduling for several Scheduling for several 

special events (e.g. ARISS)special events (e.g. ARISS)
● Scheduling for 15+ Scheduling for 15+ 

satellites deploymentssatellites deployments
● Support satellite teams Support satellite teams 

after public requestsafter public requests

Future:Future:
● Integrate automated Integrate automated 

scheduling in SatNOGS scheduling in SatNOGS 
NetworkNetwork

● Continue support Continue support 
special events & special events & 
scheduling requestsscheduling requests

● Continue support new Continue support new 
satellite deploymentssatellite deployments
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Operations – Satellite IdentificationsOperations – Satellite Identifications

Using Strf Tools & Ikhnos:Using Strf Tools & Ikhnos:
● Identified more than Identified more than 

220+ Satellites220+ Satellites
● Spot mis-identificationsSpot mis-identifications
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Operations – Operations – Orbit Determination & Orbital Data GenerationOrbit Determination & Orbital Data Generation

Using SatNOGS Network Using SatNOGS Network 
observations and strf tools:observations and strf tools:

● Generated more than 300 TLE Generated more than 300 TLE 
sets the last year (1k+ in total)sets the last year (1k+ in total)

● Generate preliminary TLE setsGenerate preliminary TLE sets
● Generate TLE sets the first Generate TLE sets the first 

hours after deployment and hours after deployment and 
hours before re-entryhours before re-entry
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A sincere and specialA sincere and special
THANK YOU!THANK YOU!

to the SatNOGS Communityto the SatNOGS Community
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Web SitesWeb Sites: https://satnogs.org & https://libre.space: https://satnogs.org & https://libre.space
WikiWiki: https://wiki.satnogs.org: https://wiki.satnogs.org

Community ForumCommunity Forum: https://community.libre.space: https://community.libre.space
ReposRepos: https://gitlab.com/librespacefoundation/satnogs: https://gitlab.com/librespacefoundation/satnogs

Contact meContact me: fredy@libre.space: fredy@libre.space

Thank you!Thank you!

SatNOGS – Join us!SatNOGS – Join us!
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