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Introduction - 5 Emerging Operations Capabilities 

Opportunistic Multiple 
Spacecraft per Antenna –
Inexpensive downlink 

Beacon Monitor Operations – Reduces number 
of telemetry passes required 

Priority-Based Scheduling – Lower cost 
automated scheduling of DSN antennas 

University 
Partnerships 
– More tracking assets 

Disruption Tolerant Networking 
– More efficient communications 
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Introduction - NASA’s Deep Space Network 
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Canberra Goldstone Madrid 

LOCATION: Fort Irwin, approximately 55 
kilometers northeast of Barstow, CA 

OPERATED BY: ITT Exelis Corporation 

CURRENT OPERATIONAL ANTENNAS: 6, 
plus 1 R&D antenna, and 2 Educational 
Outreach antennas 

LOCATION: Tidbinbilla, approximately 35 
km southwest of Canberra 

OPERATED BY: Commonwealth Scientific 
Industrial Research Organization (CSIRO) 

CURRENT OPERATIONAL ANTENNAS: 3, 
plus 2 under construction 

LOCATION: Robledo de Chavela, 
approximately 60 km west of Madrid 

OPERATED BY: Ingeniería de Sistemas 
para la Defensa de España (ISDEFE) 

CURRENT OPERATIONAL ANTENNAS: 4, 
plus 1 Educational Outreach antenna 

NASA’s Deep Space Network (DSN) was established in December 1963 to provide a communications 
infrastructure for all of NASA’s robotic missions beyond Low Earth Orbit 
 
DSN’s prime responsibility is telecommunications for NASA missions, but its also supports many international 
spacecraft as well as scientific investigations (radio astronomy, radio science, and radar) 
 
The DSN supports many international agencies: the Japanese Space Agency (JAXA), the Indian Space Research 
Organization (ISRO), and the European Space Agency (ESA) 



OMSPA 
Opportunistic Multiple Spacecraft per Antenna 

 



Multiple Spacecraft Per Antenna (MSPA) 

2-MSPA is a scheduled downlink event where two spacecraft 
simultaneously transmit down through the same antenna to two separate 
receivers, one for each spacecraft.  

The DSN is moving to a 4-MSPA capability. 



Opportunistic MSPA (OMSPA) 

Enables Cubesat Missions to 
leverage tracking passes for 
scheduled mission customers. 
 
Supports downlink only 
 
Would have a higher downlink data 
latency than MSPA 
 
Development Status 
• Proof of concept demo has been 

conducted  using a Mars 
spacecraft 
 

• Prototype beam intercept tool 
enables Cubesat users to identify 
tracking opportunities. 



OMSPA Benefits to Cubesat Users 

1. Enhanced Antenna Availability for Routine Science Downlink 

2. Reduced Antenna Scheduling Coordination 

OMSPA occurs outside the scheduling system; depends only on being in the 
beam of a scheduled spacecraft. 

No scheduling contention with other missions during OMSPA. 

3. Reduced Aperture Fees 

While not yet decided, OMSPA might ultimately involve a only a nominal, flat 
monthly charge to recover the costs of the recorders, secure internet server, 
and their maintenance. 



Example In-Beam Destinations 

Cubesats at Mars or Venus are always in the beam of 
other spacecraft at these locations. 

A constellation or “flotilla” of cubesats 

Very low-energy trajectories that take cubesats 
into Sun-Earth Lagrange Points (SEL1 or SEL2) 

Credit:  http://jwst.nasa.gov/orbit.html 



Beacon Operations 
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Beacon Monitor Operations 
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Alert 
Notifications 
Sent to Mission 
Operations 
Personneln 

DSN Scheduling 
Process 

On-Demand  
Operations Team Short Passes 

D.S.N. 

DS1 

D.S.N. 

Summary of Nominal Data 

Onboard software identifies 
important spacecraft data that 
should be downlinked if contact  
with the ground becomes  
necessary 

Episode Data 

Performance Data 

Top-Level Summary 

DSN Beacon Tone  
Service Indicates Urgency  

of Ground Response 
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Beacon Monitor Tone Definitions (General) 

 All functions are performing as expected.  No need to downlink 
engineering telemetry. 

 

 Establish communication with the ground when convenient to 
obtain data relating to an event.   

 Examples:  device reset due to SEU 
 

 Spacecraft needs servicing within a certain time or spacecraft state 
could deteriorate or critical data could be lost.  Examples:  solid 
state memory near full, non-critical hardware failure 

 

 Spacecraft emergency.  A critical component has failed.  The 
spacecraft cannot adequately recover.  Ground intervention is 
required immediately.  On DS1, set by Fault Protection after 
entering “standby” mode. 

 

 Beacon mode is not operating, telecom is not earth-pointed, or a 
spacecraft anomaly prohibited tone from being sent. 

NOMINAL 
 
 

INTERESTING 
 
 
 

IMPORTANT 
 
 
 
 

URGENT 
 
 
 
 
 

No Tone 
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Beacon Monitor Operations on New Horizons Mission 
to Pluto 

New Horizons Mission weekly beacon contacts  
- Spacecraft broadcasts tone for ~36 hours 
- DSN beacon track scheduled for 1.5 hours 
- RF downlink set to one of two carrier frequencies  

(4 tones each) 
- Square wave tone modulated onto carrier. 

Beacon frequency 
tone definition Fault condition encountered & autonomy response 

Green No fault conditions encountered. Spacecraft nominal. 
Red 1 Benign fault encountered, subsystem recovered, a non-critical subsystem turned off, or 

switched to redundancy. Tone set to Red 1. Onboard command sequence continues to 
execute. 

Red 2 Serious fault detected. Redundant subsystems powered on. Onboard command sequence 
suspended. Spacecraft transitions to AS-EA (safe mode pointing to Earth) if not contacted by 
the ground within 14 days. 

Red 3 Used only by Mission Operations to command a “lower” beacon state. 
Red 4 AS-EA timer expired. Sun sensor, ephemeris, or G&C (Guidance & Control) subsystem fault 

detected. Redundant subsystems powered. Onboard command sequence suspended. 
Spacecraft transitioned to AS-SA (safe mode pointing to Sun) 

Red 5 Bad ephemeris detected or G&C heartbeat lost. Switch to redundant G&C subsystem. 
Onboard command sequence suspended. Spacecraft in AS-SA. 

Red 6 Spacecraft in AS-SA and no response from the ground in defined time period. Power on all 
redundant subsystems, re-set RF subsystem to use MGA (Medium Gain Antenna). Onboard 
command sequence suspended. 

Red 7 Used only by Mission Operations in recovery from safe modes when demotions are not 
desired. 
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Advantages of Beacon Monitoring for Cubesats: 
Lessons learned from New Horizons 
Reduced DSN Loading:  New Horizons uses 80% less DSN hours when configured to 
use the Beacon Tone Service. 
Smaller Antennas:  New Horizons was able to use the 34m antenna network for 
beacon receipt through mid-2013 verses using the 70m antennas for telemetry tracks 
starting in late 2009. 
More Efficient and/or Lower Cost Staffing:  Beacon Tone Service usage allowed more 
efficient use of staff in planning the Pluto encounter. 
Increased Component Lifetime:  Beacon Tone service allowed New Horizons to save 
component lifetime during its cruise phase. 
Propellant Savings:  Because New Horizons did not allow any active guidance and 
control actions except entry into safe mode while in hibernation mode, there was a 
small, but welcome, savings in propellant usage. 
Reduced Mission Risk:  Embracing the Beacon Tone Service early in the mission 
concept development phase meant a seamless transition to and use of the Beacon 
Tone Service to fully support reporting the health and safety of New Horizons. 
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DTN 
Disruption Tolerant Networking 
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What is DTN? 
• Disruption Tolerant Networking (DTN) is a protocol suite that extends the terrestrial Internet 

capabilities into highly stressed data communication environments where the conventional 
Internet does not work well. These environments are typically subject to frequent 
disruptions, unidirectional links, possibly long delays and high error rates. 

• In the Internet: Each received packet is forwarded immediately if possible, deleted if 
immediate forwarding is not possible.  

• In DTN: Each received packet is forwarded immediately if possible, stored for future 
transmission if forwarding is not currently possible but is expected to be possible in the 
future. Next-hop destination is computed based on expectations of future network 

Bundle Protocol (BP) 

Licklider Transmission Protocol (LTP) 

Bundle Security Protocol (BSP) 
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DTN Deployment Services (Timing, Naming, etc.) 

DTN User Applications 

Physical Layer 
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Cubesat 
Relay 

Relay 1 

Relay 2 

Ground Station 

Data to Transmit 

Cubesat 1 

Complete end-to-end path must be available 

Notional Space Network Scenario Using Traditional IP 



Link 
Available 

Notional Space Network Scenario Using DTN 
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Why use DTN? 
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• Improved Operations and Situational Awareness:  
– Simplifies downlink planning, even for single spacecraft missions 
– Store-and-forward mechanism and automatic retransmission provide more insight into events that 

occurred during communication outages 

• Interoperability and Reuse:  
– A standardized DTN protocol suite enables interoperability of multi-agency communication assets 

• Space Link Efficiency, Utilization and Robustness:  
– Automated retransmission capability enables use of more of a scheduled pass for telemetry 
– More communications redundancy since more networking paths can be considered 

• Security:  
– The DTN Bundle Security Protocol (BSP) allows for integrity checks, authentication and encryption 

• Quality of Service:  
– Many priority levels can be set, ensuring that the most important data is received ahead of less 

important data. 

• Networked Constellations: 
– Needed for substantial multi-hop data return 
– Where sharing of information or cooperation are needed. 
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Development Status 

• DTN Core Protocols are Blue Book Standards within the 
space agency standards organization (CCSDS) 

• Numerous flight demonstrations and tests have been 
conducted, including an operational deployment on the 
International Space Station. 

• DTN can be infused into the spacecraft C&DH, Payload 
Processor, or the Transponder, depending on the flight 
system design. 

• Available Implementations 
– Interplanetary Overlay Network (ION):  

• http://sourceforge.net/projects/ion-dtn 
• NASA’s primary DTN implementation (developed by JPL) 
• Supported by multiple Operating Systems 

– DTN2:  
• http://sourceforge.net/projects/dtn/ 
• Targets ground applications 

– Other DTN Implementations: 
• IBR-DTN: http://www.ibr.cs.tu-bs.de/trac/ibr-dtn 
• JDTN: http://sourceforge.net/projects/jdtn/ 
• Postellation: http://postellation.viagenie.ca/ 

20 

X-Band 

Transponder ‘Iris’ 

The JPL Iris Transponder is being 
adopted by several near-term deep 
space Cubesats and DTN infusion is 
planned.  
  

http://sourceforge.net/projects/ion-dtn
http://sourceforge.net/projects/dtn/
http://www.ibr.cs.tu-bs.de/trac/ibr-dtn
http://sourceforge.net/projects/jdtn/
http://postellation.viagenie.ca/


Priority-based Scheduling 
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DSN Scheduling Vision for Cubesats 
Currently DSN mission customers negotiate time via a semi-automated process.  While this 
works for Cubesats and by default will be used now, improvements are possible that could 
save time and money. 

 

Candidate New Approach 
1. Make available blocks of time in the  

DSN for Cubesat missions 
2. Cubesat missions identify viable 

tracking periods within those blocks 
using tools provided by the DSN 

3. DSN schedules Cubesat tracking  
requests based on a pre-agreed to set  
of prioritization criteria 

 
Advantages 
Reduces Cubesat operations cost by  
removing them  from main pool of DSN  
mission customers 
Could be a pathfinder for more widespread  
use among all DSN customers if successful 

Prototype tool for mission team 
 to identify viable tracking periods 
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Cubesat Priority-based Scheduling 
Development Status 

Developing tools that perform the following functions 
• Geometry calculations to determine periods when  

a Cubesat is visible to a particular DSN location and  
an available DSN block of time. 

• Determine minimum link margin to have good  
communication pathways 
 

Developing a priority scheme working with the Cubseat community  
• New prioritization scheme is for determining which Cubesat should take an available 

block of DSN time.  
• Will also be adjusted to meet minimum tracking needs for each mission (i.e. If one 

wins one day who gets the time the next day.) 
 

Don’t let gaps in the DSN schedule “fall where they may” 
• May need to schedule a virtual mission in a certain part of the sky to meet the 

needs of the Cubesat missions being supported by the DSN. 
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Morehead State University 21m Upgrade to DSN 
Compatibility 

Fig. 1:  LH2 Tank Installed at Test 
Site 

Fig. 3new:  C&C 
Trailer 

Objective:   
• Demonstrate a cost-effective process for expanding DSN capabilities by utilizing non-NASA assets to provide 

communication and navigation services to small spacecraft missions to the Moon and inner solar system 
Benefits:   
• Serves as a test-case to define a path for other non-NASA ground stations to provide auxiliary deep space navigation 

and tracking support for small spacecraft missions.   
• Develops an operational capability to support EM-1 Cubesat missions in the 2018 timeframe 
Technical Approach:   
• Develop and implement a strategy to transfer Deep Space Network (DSN) processes and protocols to the MSU 21 m 

antenna system and to upgrade the antenna hardware and software systems to enable integration into the DSN 
• The project is focused on the implementation of deep space communications, tracking and navigation techniques as 

well as adoption of CCSDS data interface standards such as the Space-link Extension service. 
• Implement systems upgrades, conduct tests/demonstrations, and transition to an operational capability. 
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Morehead State University 21m Upgrade to DSN 
Compatibility (Continued) 
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Possible Extensions  
and Adaptations  

• Multiple Spacecraft 
per Aperture (MSPA) 
and Opportunistic 
MSPA 

• Delay/Disruption 
Tolerant Networking 

Delay/Disruption Tolerant  
Networking 

Support for Space Networking 

Planning, Systems 
Engineering 

Systems Upgrades, 
Implementation 

Downlink and Uplink 
Experiments 

Navigation 
Experiments/Transition 

to Mission Support 
Operational Capability 

FY15 FY16 FY17 FY18 FY19 
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