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Introduction: Telecommunications is a  critical 
component for any mission at Mars as it is an enabling 
function that provides connectivity back  to Earth and 
provides a means for conducting science. New devel- 
opments in telecommunications, specifically in soft- 
ware-configurable  radios,  expand the possible  ap- 
proaches for science missions at Mars. These radios 
provide a  flexible and re-configurable platform that 
can evolve with the mission and  that provide an inte- 
grated approach to communications and science data 
processing. 

Deep space telecommunication faces challenges not 
normally faced by terrestrial and near-earth communi- 
cations. Radiation, thermal, highly constrained mass, 
volume, packaging and reliability all are  significant 
issues. Additionally, once the spacecraft leaves earth, 
there is no way to go out  and upgrade or replace radio 
components. The reconfigurable software radio is an 
effort to provide not only a product that is immediately 
usable in  the harsh space environment but also to de- 
velop  a radio that will stay current as the years pass 
and technologies evolve. 

Software  Radios & Science  Approaches: The 
only product generated by current and near-future ro- 
botic explorations of Mars is data. This data, once col- 
lected by science instruments on the  remote spacecraft, 
must be transferred to Earth in order to have value. 
While communications, is often viewed as "infrastruc- 
ture," it plays a key role in meeting science objectives 
especially for in situ analysis and global reconnais- 
sance. Figure 1 illustrates  some of the uses of tele- 
communications in Mars exploration. Software  con- 
figurable radios provide capabilities to support science 
and related activities as well as enable mission and 
science approaches, including: 

Data Networking & Sensor  Webs. The exploration 
environment at Mars will continue to evolve from a 
single spacecraft visit every few years to an armada of 
landed and orbiting  spacecraft,  all with the need to 
communicate their data back to Earth. Orbiting tele- 
communications  assets  will provide this  long-haul 
function. Multiple users, various levels of data critical- 
ity, and huge data volumes will cause congestion if 
networking standards are not applied early and firmly. 
The reconfigurable software radio performs protocols 
and routing to enable internetworking and on-board 
routing (e.g.. TCPAP. distributed processing on-board 
where  instruments perform their own processing). 
This  internetworking  capability enables mission ap- 

proaches that exploit interconnected but  distributed 
instruments, often called sensor webs. 

Equipment Flexibility. Traditionally, telecommuni- 
cations equipment destined for deep-space have  been 
hardware-specific devices with modifications to its 
functionality limited to changes in data rate or coding. 
This is true for current Mars missions. The flexibility 
of software-configurable  radios  allow  for updating 
processing, protocols, and other activities (useful for 
cross-support of science missions).  The reconfigura- 
bility enables mission approaches that evolve  over 
time. 

Auxiliary Science. Software-configurable  radios 
can support  cross-link  capabilities  for  occultation 
studies including the capability to perform beamform- 
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ing  with a phased array antenna that can be  used  to 
assist i n  dircction finding or tracking a  spacecraft for 
closing cross-links. The digital nature of software ra- 
dios enable il greater array of science measurements to 
bc recorded  from the received signals. 

Navigation Ulility. Thc users in the Martian envi- 
ronment not only need to move data but to know where 
they are so that  the data has context. The software re- 
configurable radio supports navigation and geolocation 
through better processing of Doppler, range, timing, 
and angle measurements. 

Software  Radio Overview:  A soffware ndio per- 
forms hnctions that a e  traditionally carried aut  solely 
in hxdware, such as the generation of the hansmitted 
radio  signal ad the  detection  and demodulation of the 
received  ladio signal, by using  soffware &ding in 
highspeed digital  signal ~ O C ~ S S O S .  Since hese hnc- 
tions a e  canied  out in software,  the  ladio can be pro- 
grammed  to  transmit  and eceive we a wide mge o f  
frequencies and  to enulate virtually any desired trans- 
mission itmiat. The operaing paFameters can be dtered 
even  &er it i; deployed by a simple softwm change. 
For emnple,  a software adio au ld  have  the hility to 
transmit and  laceive  using an misting potom1 (e.g., 
CCSDS Return  Telemetry) h e n  kunchd, but it can 
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thcn bc updatcd it4ater date to h t l l e  a ww protocol 
(e.8..  CCSDS Pmximity-I). The phqsical  laycr (kg., 
PSK. FSK) pocasing GUI dso bc altered lo slpport the 
nwds of an wdving mission. 

The key conlponcnt of a software radio is an archi- 
tecture  that  uses  high speed digital signal processing to 
perform signal transmission and reception. The radio 
design also needs to achieve favorable size,  weight, 
and  power consumption characteristics necessary for 
the space environment. Figure 2 illustrates the  basic 
architecture that is used  in a software radio. The ar- 
chitecture features digital signal processing that can be 
implemented using different devices including Field- 
Programmable Gate Arrays (FPGAs), microprocessors, 
and digital signal processing chips. 

Development Path: Software radios are becoming 
more  and  more widely used  in industry and commerce, 
but additional work needs to be conducted to prepare 
these radios for the space environment. As mission 
approaches are identified for exploring Mars, the re- 
quirements for communications should be communi- 
cated to developers of software radios to ensure that 
the functionality needed are developed. Key issues 
that  need  to  be  developed for software radios include: 

Radiafion  Tolerance. The  digital  signal  devices 
used  in software radios are susceptible to single-event- 
upsets (SEUs) and single-even  latchup (SEL) in the 
presence of radiation.  Methods to overcome these 
problems include radiation tolerant devices and archi- 
tectures that use redundancy, but they are not fully 
developed for the space environment. 

Power  Consumption. The digital  signal  devices, 
especially microprocessors, used in software  radios 
often require significant power, relative to available 
resources. Finding low-power approaches are required 
in  the Mars environment. 

Standard  Approaches & Interfaces. The develop- 
ment  of software radios is  still quite new, so standards 
approaches are not yet defined. The evolution of soft- 
ware radios can be greatly enhanced with standard ar- 
chitectures and interfaces. 

Summary: The reconfigurable software radio rep- 
resents the logical evolution from hardware specific 
communications solutions. Software radios provide 
functionality that can be used to support new ap- 
proaches to science missions at Mars, such as sensor 
webs. Scientists and planners should consider the fu- 
ture evolution of  these flexible and powerful telecom- 
munication devices when designing future missions to 
Mars. 
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