
ENABLING RICH AND ROBUST SCIENCE DATA SETS ACROSS THE SOLAR SYSTEM VIA DEEP 
SPACE COMMUNICATIONS.  L. J. Deutsch1 and T. J. W. Lazio1 and S. A. Townes1, 1Jet Propulsion Laborato-
ry, California Institute of Technology, 4800 Oak Grove Dr, Pasadena, CA 91109. 

 
 
Introduction:  A common element of many con-

cepts for the 2050 Vision is likely to be the develop-
ment of larger and richer data sets.  Science instru-
ments will become more capable, more nations are 
likely to launch missions, and the development of in-
terplanetary small spacecraft will open new mission 
possibilities.  Further, human spaceflight is likely to 
expand beyond low Earth orbit and public engagement 
will necessitate higher definition images, videos, and 
other data products (Figure 1). 

 
Figure 1. Motivation for higher data rates from space-
craft.  The axis shows data rate, with a subset of plane-
tary missions indicated; data rates from selected terres-
trial remote sensing missions are shown as well.  Across 
potential destinations, a common element is likely to be 
increased capability of science instruments and a closer 
approach to measurements akin to those obtained at the 
Earth.  Further, multiple small spacecraft may generate 
aggregate data rates approaching those of larger mis-
sions, even if each spacecraft carries only a simple in-
strument.  This figure focuses on science instruments, but 
public engagement and human spaceflight are likely to 
drive similar demands. 

We sketch a roadmap for ensuring that the science 
community obtains the data from the science instru-
ments and missions to be flown over the next three 
decades [1].  This roadmap is driven in part by histori-
cal trends, but it can be influenced by and respond to 
the 2050 Vision itself. 

Higher Data Rates and Volumes:  Over the past 
50 years, the capability to deliver science data from 
spacecraft has increased by a factor of 1013 (Figure 2).  
This increase has both been driven by the demands of 
missions and been enabling for more complex mis-
sions.  Recent growth in the downlink capability has 
slowed due to a natural maturation of radio communi-
cations technology, but also due to a focus on reducing 
operations costs. 

As a measure of data delivery capability, we use 
the Mars Reconnaissance Orbiter (MRO), as it repre-
sents the state of the art in deep-space communica-

tions [2].  At maximum Mars-Earth separation, the link 
between MRO and the Deep Space Network (DSN) 
supports 0.5 Mbps.  (For comparison, home wireless 
routers may provide 300 Mbps or higher.) 

Looking toward 2050, and without attempting to 
identify specific missions or destinations, it is nonethe-
less possible to predict a need for enhanced data rates 
and volumes.  Different indicators suggest that data 
rates and volumes will increase by a factor of 10 per 
decade: (i) The DSN routinely models the set of mis-
sions to be flown by NASA and other space agencies.  
These models account for various paths that NASA 
mission selections may take.  Even with different as-
sumptions about the number and type of missions, a 
robust conclusion is a factor of 10 increase in data re-
quirements over at least the next two decades.  
(ii) Since the advent of computer-to-computer commu-
nications on Earth (e.g., Internet), data rates have 
grown by a steady rate of almost a factor of 20 per 
decade.    

The First Decade: Achieving the first factor of 10 
improvement—equivalent to 5 Mbps from Mars at its 
maximum separation—is well within current technolo-
gies.  The approaches are varied, but include the fol-
lowing: (i) There are new flight communications sys-
tems becoming available, such as the Universal Space 
Transponder, that is designed to enable data rates up to 
300 Mbps.  (ii) The deployment of multiple 34 m an-
tennas at the various DSN complexes around the world 
allow for antenna arraying and flexible scheduling.  
Antenna arraying has been used historically for mis-

Figure 2.  Improvement in planetary science data return 
over the past 50 years.  Enabling new missions across the 
solar system will demand continued improvements, some 
of which are well understood and could be implemented 
in the near term. 
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sions such as Voyager and Galileo, but, rather than 
being restricted to mission critical events, an increas-
ing number of antennas around the world could enable 
this mode to become routine.  (ii) Missions could 
switch to using Ka band (32 GHz) for downlink.  As 
compared to X band (8 GHz), Ka band naturally pro-
vides for a higher data rate, and various misisons have 
already proven out Ka band. 

The Second Decade:  Achieving a factor of 100 
improvement—equivalent to 50 Mbps from Mars at its 
maximum separation—will likely depend upon the 
routine use of laser communications.  The Lunar Laser 
Communication Demonstration (LLCD) has demon-
strated the capability to transmit up to 620 Mbps from 
cis-lunar space.  The Deep Space Optical Communica-
tions (DSOC) is being developed as a potential tech-
nology demonstration option for the next NASA Dis-
covery mission.  The DSOC is capable of transmitting 
up to 264 Mbps, and it will be at a technology readi-
ness level (TRL) of 6 by the end of 2017.  One of the 
key considerations for achieving these higher data rates 
is the existence of sufficient ground stations, and the 
2050 Vision roadmap could have an important role in 
affirming the need for science instruments and mis-
sions that demand these data rates. 

The 2050 Vision could influence future technology 
developments for DSOC, if substantial data rates from 
the outer solar system are scientifically valuable. The 
DSOC is being designed assuming that the primary use 
will be in the inner solar system.  In part, this design 
choice is driven by human spaceflight requirements.  
Missions to the outer planets or beyond may require 
additional technology investments for future DSOC 
versions for the outer solar system. 

The Third Decade:  There are multiple routes to 
achieving a factor of 1000 improvement—equivalent 
to 0.5 Gbps from Mars at its maximum separation.  A 
number of technologies individually could provide 
factors of 2 to 5 improvement in the performance of 
laser communication systems.  These improvements 
include increased laser efficiency, improved packaging 
of systems, and improved communication protocols 
(akin to what is used in terrestrial fiber optic systems).  
Collectively, these performance improvements could 
obtain a factor of 10 increase in data rates. 

Sensor Networks and Constellations:  Planetary 
science investigations have followed a trajectory of 
increasing coverage of a target body—flybys followed 
an orbiter, landers at fixed locations followed by a rov-
er.  Observations of the Earth itself have progressed 
from individual sensors to networks and constellations 
(seismic networks, the “A Train” constellation, the 
Constellation Observing System for Meteorology, Ion-
osphere, and Climate [COSMIC]).  We envision a sim-

ilar future for planetary science, noting that sensor 
networks have been described previously (e.g., the 
Lunar Geophysical Network) and that initial steps have 
been taken.  For the Moon, the lunar laser ranging 
retroreflectors provide an initial sensor network for 
studying its interior; the Galileo orbiter-probe and 
Cassini-Huygens represent simple examples of relay 
networks; and the set of Mars orbiters provides a net-
work critical for obtaining data from the Mars rovers. 

The science return from sensor networks and con-
stellations is significant and has been considered in 
many previous concepts.  Examples of the science 
questions that can be addressed include  
• Interior structure of terrestrial bodies, small bodies, 

and icy moons with seismic networks; 
• Exploration of caves on terrestrial bodies and icy 

moons using relay networks; and 
• Global weather measurements and climate model-

ing of neutral and ionized components of an at-
mosphere by visible, infrared, and radio wave-
length sensors. 

Further, while our focus is on the potential science 
return from sensor networks and constellations, there 
may be synergies with human spaceflight.  Questions 
that can be addressed by sensor networks may address 
strategic knowledge gaps or planetary defense (e.g., 
determining the interior properties of small bodies) and 
some sensors could be emplaced by future explorers 
(e.g., the retroreflectors carried by Apollo astronauts). 

Current experience in deep space communications 
will be essential to realizing sensor networks and con-
stellations.  Indeed, significant progress on many tech-
nological fronts has been made over the past decade, 
enabling more robust and lower cost sensor networks 
and constellations to be realized.  Examples of recent 
innovations include 
• Internet-like networks via Disruption Tolerant 

Networking, enabling data access in a variety of 
circumstances; and 

• Improved small spacecraft communication tech-
nologies (deployable antennas, radios) that enable 
high data rates either to relay spacecraft or to the 
Earth. 

Part of this research was carried out at the Jet Propul-
sion Laboratory, California Institute of Technology, 
under a contract with the National Aeronautics and 
Space Administration. 
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