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About…

www.vegaspace.com
• History

– 1978 Formed to provide services to ESA
– 1992 Floated as PLC
– 1996 Employed Phil Beavis
– 2008 Acquired by Finmeccanica, Invited to GENSO
– 2009 Part of SELEX Systems Integration
– 2011 Part of Telespazio

• Locations
– Welwyn Garden City, UK
– Darmstadt, Germany
– Toulouse, France
– Harwell, Science and Innovation Campus, UK
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Harwell Science and Innovation Campus
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International Space Innovation Centre

“The ISIC Partnership will deliver competitive 
advantage in space for its partners by driving 
innovation between industry, academia and 
government across the UK and internationally.”

www.stfc.ac.uk/ISIC

VEGA Space Ltd are a key partner in ISIC
• Contributing “in kind”
• Managing Director (Alan Cox)
• Non-Exec Director (John Auburn)
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GENSO 4 ISIC 

“Feasibility Study for Innovation in Space”
• Resources

– Part funded UK (TSB)
– Part VEGA Space Investment
– May-July 2011 (3 Months)
– 4 Engineers (>6 man months)

• Scope:
– Demonstration of GENSO at ISIC

– Feasibility of GENSO for low cost 
satellite operations (e.g. UKube)

– Integration of GENSO with S-band 
facilities

– Extension of GENSO software
– Evaluation of the GENSO software
– Development of prototype (R3?)
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GENSO Concept
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Mission Elements

• Spacecraft (SC)
• Mission Control (MC)
• Ground Station (GS)
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CubeSats (spot the odd one out)
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International Space University
Ground Station (2008)
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ESTEC Ground Station (2010)
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Satellite Contact

• Contact time ~20 minutes per day with a single Ground Station
• Depends on altitude of Satellite and latitude of Ground Station
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Ground Station Network

• Increase contact time by an order of magnitude
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Satellite Constellations

• Global coverage
• Fast revisit time reduces 

latency of data
• Strong case for network 

of ground stations
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Simplest GENSO Network
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Original GENSO Concept

www.genso.org
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GENSO Data Network Topology

• MCC connects to own SC via any compatible GSS
• Scalable: >100 MCC+SC, >1000 GSS
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Management Network

• Central Server (AUS)
– Authenticates all MCC and GSS entities
– Distributes details of SC, GSS, Bookings, Products
– In future: planning, scheduling, orchestration
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Ground Segment Systems 
(from ECSS-E-ST-70) 
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GENSO in relation to ECSS Reference Architecture 
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Classic Ground Station Hardware

• Antennas
– VHF
– UHF (+ Preamp)

• Rotators
– Azimuth
– Elevation

• Radio Transceiver
• TNC

– 1200 AFSK
– 9600 FSK

• Computer
– Windows / Linux
– Audio Baseband
– Serial / USB ports
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Radio

• ICOM 910 H
– TX: 144-146 / 430-440 MHz
– RX: 136-174 / 420-480 MHz
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Rotators

• Yeasu GS-232A, GS-232B controller 
interface

• Spid BigRas
• M2
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AX.25 Terminal Node Controller

• GENSO Supports
– Kantronics 9612+, 

KPC3
– NTG TNC7 Multi
– Timewave PK96, DSP-

2232
• Modem/TNC Function

– 1200 AFSK
– 9600 FSK
– KISS host mode
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Use Cases

• Registration
• Configuration
• Scheduling
• Tracking
• Passive Downlink
• Active Downlink
• Uplink
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Tracking Session

• Acquisition of Signal (AOS)

– approximately when the satellite rises above the horizon

• Loss of Signal (AOS)
– approximately when the satellite sets below the horizon

• Configurable margins before AOS and after LOS

– E.g. for positioning antenna and cooling rotators

Pre-pass Pass Tracking Post-pass

LOSAOS

Session Start Session End
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Passive Downlink
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Passive Downlink Sequence

sd Passiv e Sequence

GSS MCCAUS

MCSO

scheduleBookings()

notifyBookings()

queryBookings()

startSession()

storePassReport()

endSession()

notifyPassReportMetadata()

queryPassReportMetadata()

getPassReport()
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Active Downlink

Real-time streaming connection during a tracking session (~1s latency) 
• Scheduled as for Passive Downlink
• Requires explicit cooperation of GSS operator and MCC operator (for 

security)
• Packet data as received by GSS from the TNC
• Analogue baseband signal as received by GSS direct from the radio



30/07/2011 VEGA Space, Telespazio (a Finmeccanica / Thales Company)

Active Downlink Sequence

sd Activ e Sequence

GSS MCC

MCSO

AUS

startSession()

requestSpacelink()

requestSpacelink()

requestSpacelink()

acceptSpacelink()

acceptSpacelink()

connectSpacelink()

endSession()

disconnectSpacelink()
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Uplink

• Extension of Active Downlink
– Scheduled as for Passive Downlink
– Requires explicit cooperation of GSS operator and MCC 

operator
• Tx frequency

– Not stored in system
– Must be input by MCC operator dufing tracking session

• Not yet validated for telecommand
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GENSO Project
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GENSO Project Aims & Stakeholders

• GENSO Project Aims
– Operational Service (increase return for educational satellite missions)
– Software Development (Open Source)
– Reference Ground Station(s)
– Educational Experience

• Stakeholders
– Endorsed by International Space Education Board (ISEB)
– Sponsored by ESA Education Department
– Supported by AMSAT UK
– Project Infrastructure Team (FH Technikum Wien) 
– University of Vigo selected by ESA as European Operations Node
– VEGA Space Ltd provided system engineering support
– Interest and participation from many universities world-wide 
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GENSO Team (Aalborg 2007)
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GENSO History

ID

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

ESA

UNISEC Workshop

ESA Project Kickoff

Project Infrastructure (L.Mehnen )

Student Development (Aalborg, Vienna, Torino, Poznan)

PDR (Calpoly)

R1 KO (Vienna)

R1 Beta

CDR, R2 KO

ESA Development (YGT, Stagiers)

R2 Beta

R2 Remedial Work

R2 Open Source

VEGA Space Ltd

Project Review

System Engineer

Web Site

ISIC Feasibility Study

 R3 Prototype

University of Vigo

GEON Call

Operations Support

R1 Pilot

R2 Verification

2006 2007 2008 2009 2010 2011 2012
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GENSO Software
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GENSO R1 GSS (2009)
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GENSO R1 GSS (2009)
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GENSO R2 GSS (2011)
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GENSO R2 GSS (2011)
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GENSO R2 GSS (2011)
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GENSO Live Web
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Support to UKube Station (Chilbolton)
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Integration Issues from ISIC study

• Large antennas have optimised control system based 
on track file and/or TLE;  GENSO control loop is too 
crude 

• Signal chain not constrained to GENSO driver model 
(and GUI) based on discrete (UHF/VHF) radio + (AX.25) 
modem controlled via serial ports

• Data may be acquired as an arbitrary (binary) file, to be 
ingested by GENSO

• GENSO (R2) software not yet ready! 
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VEGA Extensions

• GENSO Live web view (stations, spacecraft, schedule, 
products)

• GSS Integration with arbitrary antenna systems 
(TrackFileWriter) 

• GSS Ingestion of arbitrary data product
• GSS Upload of product bundle to archive via FTP
• Browse “catalogue” and download products via web site
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Issues with GENSO R2 

• Planning
– Operators needs more control 

over schedule
– Need concept of a Service
– Better compatibility mapping
– Global optimisation / 

orchestration
• Integration

– Limited hardware support
– Need better API for 3rd party 

extensions
– Software defined radio / 

modem
– Arbitrary signal chain & 

antenna control
– Space link protocols (e.g. 

CCSDS)

• Maintainability
– 70,000 lines of code, 1,000 

java files
– NetBeans GUI framework 

requires specialist skills
– Duplicates other tools

• Network Management
– Faults
– Configuration
– Administration / Accounting
– Performance
– Security

• Deployment
– Geographical Distribution
– Cloud?
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Ideas for GENSO (R3)

Rationale
• Simpler, smaller, lighter, decoupled processes
• Focus on core functions, i.e network coordination
• Avoid duplicating functions available in other tools
• Simple plug-in framework to encourage 3rd party extensions
• Utilise off-the-shelf technology (e.g. Java Enterprise Edition 6)
• Reduce code base
• Simplify IPR / License issues
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Ideas for GENSO (R3)

• Mission Application 
– communicates with Spacecraft via 

remote Ground Station
• Ground Station Equipment

– controlled by Tracking Session
– according to a schedule

• Use Cases
– Passive acquisition of downlink data 

products
• Telemetry beacon
• Non-real-time payload data

– Active uplink / downlink data session
• Interactive telecommand / telemetry
• Real-time payload data
• Re-transmission protocol (latency)

composite structure Miss ion - Station Architecture

Mission

Ground Station

Station 
Equipment

Spacecraft Miss ion Application

Data Session

Tracking Session

Data Session
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Ideas for GENSO (R3)

composite s tructure GENSO R3 Architecture

GENSO
Mission

Ground Station

Network Services

Database

Station 
Management 

Console

Miss ion 
Management 

Console

Station Serv er

Miss ion Serv er

Catalogue

Product Archiv e

Station 
Equipment

Schedule

Application Serv er

Netw ork Management 
Console

Entities

Ev ents

Orbit 
Determination

Spacecraft Mission Application

Data Session

Tracking Session

Data Session

Public  
Portal

Accounts

Orchestration

Authentication

plugin

plugin

plugin

FTP

FTP
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VEGA R3 Prototype: Booking Request
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VEGA R3 Prototype: Booking Request
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VEGA R3 Prototype: Booking Request
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VEGA R3 Prototype: Booking Request
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VEGA R3 Prototype: Booking Request
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Proposed GENSO R3

Features
• Centralised orchestration based on:

– Station Manual Bookings
– Station Policies and Compatibility
– Mission Requests (Services)
– Network Policies, e.g. for Global Optimisation

• Centrally served “rich web application” GUI for each user:
– Station Operator
– Mission Operator
– Network Operator
– Public

• Web services to coordinate distributed functions:
– Distribution of Bookings to Station (Simple GSS)
– Remote Data Sessions (MCC – GSS direct link)
– Product archive and catalogue (central or distributed)
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Conclusions
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Conclusions

• GENSO Service
– High level of interest world wide
– University of Vigo waiting for software
– Hoping to go operational by 2012

• GENSO Software 
– R2 exists, demonstrated, but not ready for service
– Ongoing development sponsored by ESA
– Aiming to open source by 2012

• GENSO Future
– R3 design prototype by VEGA
– Need business case for further investment and development
– Symbiosis
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Symbiosis

• AMSAT-UK
• Education / Academia
• Industry
• Government
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VEGA Space

Expert advice. Pragmatic solutions.

www.vegaspace.com


