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Abstract 

 
NASA’s Deep Space Network (DSN) is a critical part of every NASA solar system mission, serv-
ing as the entity that ties the spacecraft back to Earth and providing data from science instru-
ments, information for navigating across the solar system, and valuable radio link science and 
radar observations. In the future NASA strives to improve dramatically each of these capabili-
ties, enabling ever more complex and challenging planetary missions. This white paper explains 
the plans currently in place for advancing the DSN to serve this future mission set. It also ex-
plains what is actually possible if more performance should be desired to enhance the science 
return of these missions. The DSN will continue to work hand-in-hand with NASA and the scien-
tific community to be sure future missions will be fruitful, exciting, and successful. It is important 
for the Decadal Committee to consider and comment on the future plans of the DSN to maximize 
the total NASA return on investment for these missions. 
 
 

1 Introduction 
NASA’s Deep Space Network (DSN) is the principle conduit for information passing between 
spacecraft beyond geocentric orbit (GEO) and the Earth. In addition, careful measurement of 
these links provides a key component of navigation and radio science for these missions. As 
such, the DSN has enabled communication and navigation for all of NASA’s space endeavors 
beyond LEO since its inception some 45 years ago – including all missions that travel through 
the solar system engaged in planetary science (e.g. Cassini and New Horizons), astrophysics (e.g. 
Spitzer and Kepler), and heliophysics (e.g. Voyager and Wind). This white paper focuses on fu-
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ture DSN capabilities (planned and possible) that will enable or enhance NASA’s planetary sci-
ence missions. 

Planetary missions are of particular interest since they represent the most difficult challenges for 
communication due to the extreme distances involved. Communication performance is inversely 
proportional to the square of the distance between the terminals so improvements of one to two 
orders of magnitude are required to provide similar communications to more distant spacecraft 
than can be done at 1 AU today. If NASA can improve communications for planetary missions 
(driven by about one such mission per decade), then all NASA missions will benefit. 

In addition to improving radio frequency (RF) communication, NASA plans to introduce opera-
tional optical communications within the next decade. Although not yet completely proven, plans 
are in place to develop and validate deep space optical systems, offering the promise of further 
increases in performance for solar system missions at lower mass and power. 

NASA has embarked on a phased approach to add enabling end-to-end capabilities to both the 
DSN and the spacecraft. This includes technology development, flight validation, systems im-
plementation, and pursuing international standards. 
We are soliciting comments from the Decadal Committee regarding the type of science and its 
programmatic and societal importance that could be accomplished with enhanced deep space ca-
pabilities. In addition, although the Decadal Committee’s charter only involves the next decade, 
any guidance for projected needs in the subsequent couple of decades would be very advanta-
geous for NASA’s advanced planning since space communications systems are engineered for 
many decades. This kind of information will help NASA optimize expenditures and enable new 
classes of missions. This is even more important as NASA plans to extend human spaceflight 
into deep space in this time frame. 
The trends upon which NASA planning is based come from a continuing analysis of the DSN’s 
potential mission set as defined by NASA’s Agency Mission Planning Manifest (AMPM), a list 
of future NASA (and some cooperative international) missions and launch dates. Each of the 
missions that will likely be tracked by NASA’s deep space capabilities is studied to understand 
the communication and navigation enablers. Also investigated are concepts for future planetary 
missions with enhanced science goals, such as flying high data rate instruments similar to those 
used for Earth science missions. The projected trends are used to derive the requirements for the 
future DSN. The graphs below show expected growth based on historical trends in two key 
downlink communication parameters. First, the data rate required by future deep space missions 
is expected grow by about a factor of ten each decade. In addition, the “downlink difficulty” 
(which takes into account the distance of the spacecraft from Earth) will grow by about one order 
of magnitude over the next 20 years. 
Although the number of missions tracked by the DSN (currently ~30) is expected to decrease 
slightly as missions strive to do more within a potentially flat budget, these missions may make 
use of multiple elements and/or downlinks, causing a doubling of the number of links for 2030. 
When taken with the increases in data rate, the DSN will have to deal with a data volume in-
crease of about two orders of magnitude over the same time. There are two major challenges: [1] 
capturing the data with the DSN, and [2] distribution of the data around once captured 
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Now we need feedback from the science community so we can move forward together. 

2 DSN Enabling Capabilities 
The DSN comprises three Deep Space Communication Complexes, in California, Spain, and 
Australia. Deep space ecliptic-plane missions are always in view of at least one of these com-
plexes. Each complex has a 70m antenna and a number of 34m antennas that provide the radio 
communications and radiometric measure-
ment (observables including Doppler, 
range, and interferometric types for naviga-
tion and science) with NASA’s spacecraft. 
In addition, the DSN has central control 
and test facilities in California. Many of the 
unique capabilities of the DSN’s 70m an-
tennas (e.g. large collecting area, high 
power transmitters, and solar system radar) 
will be maintained well into the future – 
certainly through 2030. As the 70m anten-
nas are decommissioned, a replacement 
capability is being planned. 
Each of the following are planned capabilities either for the DSN or spacecraft systems resulting 
in significant performance improvements. 
Ka-Band: In the recent past, the primary communications frequency for deep space was X-Band 
(~8 GHz). The DSN recently installed Ka-band (32 GHz) receive capability, which is being used 
first by Kepler. Ka-band offers a factor-of-four improvement (on average) in performance over 
X-band. Equally important, the current spectrum allocation for Ka-band is ten times that of X-
band, so for missions that have sufficient onboard transmitter power, data rates in the several 
hundreds of Mbps are feasible. 
The DSN is in the process of installing Ka-band receivers on most of its antennas (including all 
new ones) – at least three 34m equivalent antennas at each DSN complex by 2018. 
NASA has also invested in Ka-band systems for the spacecraft. A 200-W transmitter has been 
space-qualified in scaled down versions (compared to the 35 W transmitter carried by MRO) 
now flying on Kepler and the Lunar Reconnaissance Orbiter (LRO.) 

Downlink Arraying: In the last five years, arraying of multiple DSN antennas to support space-
craft links has become a routine service. Spitzer and Cassini have been among the large users of 
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DSN arraying. Arraying allows performance beyond what can be accomplished with individual 
antennas – approximately equal to an antenna with the sum of the collecting areas. Arraying also 
offers an increase in reliability since loss of a single antenna results in degradation by only the 
fractional loss of total collecting area. All DSN 70m and 34m antennas can be arrayed today. All 
future antennas will also be arrayable.  
Increased Uplink Capability: Information uplinked to a spacecraft contains much more than 
commands – including data files and, often, new spacecraft software. Uplink today is limited by 
the spacecraft transponder. Without this limitation, rates can easily grow by orders of magnitude, 
allowing software uploads to take minutes rather than days. 
The DSN plans to increase uplink data rates by three orders of magnitude within 15 years with 
the first factor of ten in less than ten years. This will be accomplished by developing the next 
generation of transponder, coding the uplink, and, as necessary, improvements to DSN transmit-
ters and spacecraft antennas. The need for this is made clear by example. When the Mars rovers 
landed, there was an on-board software error. It took three weeks to upload a new set of soft-
ware. Had the mission lasted the 90 days as was the mission design, as much as 30% of the ex-
ploration time would have been lost. Hence, the ability to uplink large amounts of software in 
hours reduces mission risk. 
Another promising technique being studied is “uplink arraying” where several DSN antennas are 
phased so that their combined signal is coherent at the spacecraft. Hence, three 34m antennas 
will have nine times the uplink performance of a singe antenna. This can enhance special capa-
bilities such as emergency communications, radio science, and radar. Deep space tests to EPOXI 
have been fully successful. We are now exploring operational instantiations of uplink arraying. 

Improved Error-Correcting Codes: NASA has been developing a new generation of codes: 
Low Density Parity Check (LDPC) codes. In addition to increased bit-rate performance (about a 
factor of 1.5 by 2015) over the current NASA codes, LDPC codes are low complexity. This 
means that, with no additional computing, much more powerful codes can be implemented on 
the spacecraft. Hence LDPC codes will enable the order of magnitude data throughput rate in-
creases that will be demanded by future missions. These codes have been demonstrated in the lab 
and prototype flight hardware exists. In addition, negotiations have begun to make these stan-
dards for space communication. 

Data Compression: Research continues into methods of reducing the number of bits that must 
be returned to reconstruct the acquired science information. Data compression techniques that 
were developed by the DSN have become the standard for planetary missions, including the 
Mars Program. More advanced techniques hold the promise for an additional order of magnitude 
improvement – especially for special science data types such as hyperspectral imagers and radar 
– within five years. Missions with highly limited communications might also employ emerging 
on-board processing and autonomy to preselect the most important information to return. 
Improved Radiometric Capability: Future missions will require substantial advances in navi-
gation. For example, the Mars Program will require pinpoint landings for complex, coordinated 
surface operations as well as precision navigation for ascent and rendezvous for sample return. 
This will benefit from increases in the radiometric performance from the DSN for navigation 
(e.g., Doppler and range). 
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The use of Ka-band for will result in improvements – both from the shorter wavelength and from 
combining information with X-band to cancel error sources (e.g., solar plasma). The DSN will 
continue infusing advanced interferometric techniques into routine operations to provide preci-
sion measurements of angular position and rate. The Very Long Baseline Array, a radio astron-
omy network, will augment the DSN for these measurements, further ensuring the availability 
for future missions. Planetary orbit ephemerides will be also improved, in part through expand-
ing the Ka-band catalog of distant quasars tied to the celestial reference frame and using meas-
urements of planetary orbiters to monitor planetary positions relative to this fixed frame. 

These improvements will also benefit science. For example, dual frequency measurements (X-, 
and Ka-band) at solar conjunctions improve tests of general relativity. 

Space Networking: Future missions will make more use of multiple spacecraft and planetary 
relays. If we continue to operate as we do now, the human cost of managing data flow will be-
come prohibitive. Disruption-Tolerant Networking (DTN), an advanced store and forward proto-
col, extends the services provided by the terrestrial Internet into deep space and can recover from 
outages due to weather, eclipses, etc. without loss of data. Information sent from a spacecraft can 
automatically route itself through other science spacecraft, relays, and DSN antennas. At each 
stage, custody of the information is updated so that the storage on the originating spacecraft can 
be re-allocated to new science observations. DTN has been demonstrated with the EPOXI space-
craft and it is in a fast development at NASA. Negotiations are also underway to make DTN an 
international standard. 

Autonomous/Opportunistic Science: With space networking in place, it is possible to enable 
new automated aspects of science acquisition. As demonstrated on the EO-1 spacecraft, science 
instruments can be autonomously retargeted based on information coming from a network of 
spacecraft – or on information derived within the spacecraft itself. It is possible, for example, for 
a Mars rover to detect a dust devil, send a message to a Mars orbiter, and have that orbiter target 
the area. This has already been demonstrated in NASA’s “Mars Yard” at JPL using test rovers. 

Radio and Radar Science: Radio links between spacecraft and the DSN are used for scientific 
investigations of the solar system and fundamental physics on most solar system missions. These 
radio science observations either employ the usual DSN communication link equipment or spe-
cialized instruments on spacecraft. The DSN plans to continue this service, including continued 
use of the sensitive 70m antenna at X-and S-bands and use of 34m antennas at X- and Ka-bands. 
One of the 34m antennas at Goldstone is specially equipped for precision radio science meas-
urements at S-, X-, and Ka-bands. The DSN is continually working to improve the precision and 
calibration accuracy of radio science measurements. 

A powerful radar transmitter exists at the Goldstone 70m antenna for studies of solar system ob-
jects, with the reflected signal being received either at that antenna, other antennas at Goldstone, 
radio astronomy observatories, or some combination. Signals transmitted from the Arecibo radar 
can also be received at the Goldstone 70m antenna. Many solar system missions use this DSN 
radar facility to observe their target objects, both to enhance mission science and for engineering 
purposes (e.g., landing site characterization). Radar studies of near-Earth asteroids provide preci-
sion trajectory data and high-resolution structural information, which are key to predicting and 
mitigating possible threats of Earth collision. Enhancements of the radar system are possible over 
the next decade. 



Future Plans for the Deep Space Network 6 September 1, 2009 

6 
 

Optical Communications: Optical communications is, perhaps, the most exciting and game-
changing development that will occur over the next decade. NASA is committed to the opera-
tional use of optical communications within 10 years. As such, NASA plans to fund the devel-
opment of a deep space optical terminal (DOT). NASA has a dedicated 1m optical communica-
tions ground station at Table Mountain Observatory in California. This facility has already been 
used for experiments with foreign Earth-orbiting spacecraft optical tests. 

Optical communications will offer at least two orders of magnitude performance improvement 
for downlink signals for the same spacecraft power and mass. Of course, one could also hold the 
performance constant and take the improvement in reduced power and mass (or any combina-
tion). Optical communication links between spacecraft and Earth also offer some new direct sci-
ence opportunities, similar to the radio link science currently used on most planetary science 
missions. 

Universal Space Transponder (UST): The UST is the next generation space transponder being 
developed. In addition to providing higher communication bandwidths (150 Mbps downlink and 
20 Mbps uplink in the first deployment), it will function both as a “direct to Earth” radio and as a 
relay radio. This will reduce the mass and power required (on average) for deep space communi-
cations, and allow extra flexibility and reliability for future spacecraft systems.  
The UST will also be “space network”-ready, with DTN software built-in. It will also include the 
latest error correcting LDPC codes in addition to the current NASA codes. 
Large Deployable Antennas: We follow developments elsewhere very closely. In the next dec-
ade, several manufactures will be able to deliver 5m class deployable spacecraft antennas with 
good Ka-band performance. 10m may even be possible in this time frame – and certainly will be 
available within 20 years. This would provide a 4x data rate increase over a 5m dish. 
Improved In-Situ Links: Several technologies are planned to improve the performance of in-
situ links (e.g. probe relay, orbiting relay, and crosslinks). Such links have become extremely 
important. For example, almost all data from today’s Mars rovers come via orbiting science re-
lays, with the orbiting spacecraft capable of transferring high data volumes onward to Earth. 
The UST, mentioned above, will have the long-distance trunk line and in-situ capabilities, lower-
ing the cost of providing such links. In addition, space networking (explained above) will auto-
mate many of the operational complexities of in-situ links. Tests between Mars orbiters have al-
lowed us to perform atmospheric tomography there. 
Advances in spacecraft antennas (including phased arrays) can also improve these links by sev-
eral orders of magnitude by allowing higher-gain antennas to be pointed toward the users. 
A separate white paper is being prepared to deal with advances in orbital relays. 

The Space Clock: NASA has been developing a flight version of the DSN’s Linear Ion Trap 
(LIT) clock. This clock is expected to be available for flight qualification in another four years. 
The Space Clock will have stability comparable to all but the very best terrestrial clocks. By us-
ing the Space Clock, a mission will be able to derive precise navigation solutions with only one-
way links, obviating the need for extensive and frequent two-way DSN passes that allow naviga-
tion measurements to be referenced to an ultra-stable clock on Earth. Precision radiometric data 
provided by one-way precision uplinks also can improve on-board autonomous navigation tech-
niques (see below), providing radio navigation data without the time delay incurred by waiting 
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for information to be transmitted from Earth. The Space Clock can also be used to enhance 
uplink radio science. 

Autonomous On-Board Navigation: First demonstrated on Deep Space 1, we have continued 
to develop and refine these methods. On-board autonomous navigation will be essential for in-
stances (such as precision landing, rendezvous and docking, and approach to unknown primitive 
body gravity fields) where the round trip light time from to Earth prohibits ground-based naviga-
tion analysis. Both radio (including future use of uplink radiometrics) and onboard imaging in-
formation are used in these techniques. This is a crucial capability when round trip light time or 
non-line of sight events are the limiting factors. 

3 Standards 
All these new methods are being pursued as international standards through the Consultative 
Committee for Space Data Systems, an international body under the auspices of the International 
Standards Organization. This process has already resulted in substantial benefits such as interop-
erability of ground and relay assets. This reduces both cost and mission risk. Many other nations 
have tracking assets, for example. As long as missions adhere to the standards, they can be 
tracked as needed by a larger set of ground stations. ESA and NASA routinely track each other’s 
spacecraft. Standards even apply to relay satellites, enabling MER to return science data through 
ESA’s Mars Express science orbiter for example. Standards linking the rovers with the Mars re-
lays enabled orders of magnitude more returned data than the planned direct to Earth communi-
cation.  

4 Evolution of DSN Capability 
These capabilities, when combined, result in very substantial 
improvements in performance for communications and naviga-
tion for planetary missions. Consider, for example, downlink 
telemetry. This figure shows what is possible in the next decade 
– an improvement of nearly three orders of magnitude com-
pared to recent capability. 
Much of this is already possible today or soon. The DSN al-
ready arrays 34m antennas on a routine basis. Ka-band systems 
are now installed around the world in the DSN, though more 
will be needed to provide three at each complex. New codes and 
compression techniques have been demonstrated in the lab. A 
200 W Ka-band transmitter has been space qualified. Commer-
cial suppliers have announced a capability for 5m deployable Ka-band antennas. There is more 
that can be done, if more is invested. For example, there is no limit to the number or size of DSN 
antennas that may be arrayed. 

It might be argued that increasing communication capability for NASA’s suite of solar system 
missions over the next few decades might be the most cost-effective way to increase the science 
value of each mission. For example, adding more antennas to each DSN complex would make 
arraying (with more antennas) available to more missions. 

The chart below shows what is possible with these improvements as function of time. Three eras 
are considered: today, ~2020, and ~2030. For each, the likely improvements are listed. The re-
sulting data rates are shown for different distances. The reference spacecraft is the Mars Recon-
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naissance Orbiter (MRO actu-
ally achieves a lower data rate 
at 0.6 AU due to limitations in 
its transponder). The data rates 
with asterisks are actually not 
achievable within the currently 
allocated radio spectrum. In 
these cases the actual data 
rates would be two to three 

times lower because of the extra power required by the more advanced modulation. 

The last column shows performance of an operational deep space optical system. The first col-
umn in each era shows the performance that will be possible using only a single DSN 34m an-
tenna, following current NASA Space Mission Directorate policy. 
Routine arraying the equivalent of three 34m antennas is probably possible for one or two mis-
sions by 2015. Arraying the equivalent of seven DSN 34m antennas in the 2030 time frame 
probably means using every DSN resource. Though possible, this would not be done routinely as 
it would be at the expense of every other mission flying at that time. This kind of performance 
might be used only for critical science events for short times. The DSN needs to understand these 
performance requirements well in advance to ensure adequate capability is in place. 
There is nothing in this table that requires a great deal of new technology. All that stops the DSN 
and missions from achieving these performances is the motivation (and associated funding). 
The existing DSN plan will address the requirements implied by NASA’s current model of the 
future mission set (the AMPM). Substantial additional capability is possible, if desired and advo-
cated by the science community. We are seeking the Committee’s consideration of the following 
as functions of time: 

• Communication and navigational requirements for each recommended mission 
• The scientific value to each mission if even more data rate performance or navigational 

precision were possible 
• The need for radio and radar science performance 
• The utility of each of the DSN performance upgrades discussed in this document 
• The value of a healthy DSN technology development program to maximize DSN per-

formance in the future, assuring continued and timely development of the discussed tech-
nologies and the exploration of new ones. Funding for DSN technology development is 
now only 50% of what it was a just few years ago. 

5 Conclusions 
The DSN stands ready to play its part enabling future planetary missions. Plans already in place 
will result in significant improvements – allowing scientists to expand their scientific horizons 
and develop new mission concepts. NASA looks forward to working with the science commu-
nity to ensure appropriate investments are made to maximize the productivity of the exploration 
of the solar system. 


