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Foreword 

The Deep Space Communications and Navigation Systems Center of 
Excellence (DESCANSO) was established in 1998 by the National Aeronautics 
and Space Administration (NASA) at the California Institute of Technology’s 
Jet Propulsion Laboratory (JPL). DESCANSO is chartered to harness and 
promote excellence and innovation to meet the communications and navigation 
needs of future deep-space exploration. 

DESCANSO’s vision is to achieve continuous communications and precise 
navigation—any time, anywhere. In support of that vision, DESCANSO aims 
to seek out and advocate new concepts, systems, and technologies; foster key 
technical talents; and sponsor seminars, workshops, and symposia to facilitate 
interaction and idea exchange. 

The Deep Space Communications and Navigation Series, authored by 
scientists and engineers with many years of experience in their respective 
fields, lays a foundation for innovation by communicating state-of-the-art 
knowledge in key technologies. The series also captures fundamental principles 
and practices developed during decades of deep-space exploration at JPL. In 
addition, it celebrates successes and imparts lessons learned. Finally, the series 
will serve to guide a new generation of scientists and engineers. 

Joseph H. Yuen 
 DESCANSO Leader 
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Preface 

This book presents the planetary communications design as developed by 
the Deep Space Network (DSN) and Jet Propulsion Laboratory (JPL) flight 
projects. It uses a case study approach and shows the communications link 
performance resulting from the design. This is accomplished through a 
description of the design and performance of six representative planetary 
missions. These six cases illustrate progression through time of the DSN and 
onboard hardware and software techniques, capabilities, and performance from 
1970s technology to the most recent missions. 

The first chapter presents an overview of deep space communication 
capability over the last five decades. It also describes the design process for 
these links and the current capabilities of the Deep Space Network (DSN). The 
second chapter gives an overview of the DSN.  

In Chapters 3 through 8, from Voyager in the 1970s to the Mars Science 
Laboratory in the 2010s, the six missions represent all those that have 
communicated directly with the Deep Space Network. Two of six also 
communicated from the surface of Mars to orbiting spacecraft that in turn 
communicated with the Earth. 

The Voyager mission was intended as a flyby mission to Jupiter and Saturn, 
and its X-band communications system was sized for science return from those 
planets. With improvements in the Deep Space Network, the two Voyager 
spacecraft continue to return data from beyond the distances of additional 
flybys at Neptune and Uranus. 

The Galileo mission was intended to transmit the majority of its science 
data from orbit around Jupiter via a high-gain antenna at X-band. When that 
antenna failed to unfurl properly early in the cruise to Jupiter, JPL mounted a 
major effort to change the spacecraft’s software and the ground stations’ 
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telemetry system to achieve the return of a high amount of science information 
via a low-gain antenna at S-band. 

Deep Space 1 was intended as an in-flight test bed of new capabilities, with 
an incidental science mission. This spacecraft carried the first Small Deep 
Space Transponder (SDST) that has been the mainstay of many missions 
communicating with the DSN since it worked in Deep Space 1. It also carried a 
solid state Ka-band amplifier to provide the means to test deep space 
communications at this frequency. Notable also was the development—after a 
failure in the spacecraft’s attitude control system—of an operational 
workaround using the spacecraft signal and the station to achieve control of the 
spacecraft antenna pointing during data return. 

The Mars Reconnaissance Orbiter, besides having an ambitious science 
mission that continues today, was intended to serve as a communications relay 
terminal for surface landers and rovers. For direct communications with Earth, 
in addition to using the SDST, it has a 100-watt traveling wave tube amplifier 
at X-band and a large fixed high-gain antenna. For UHF relay communications 
with the surface, it uses an Electra transceiver and the Proximity-1 
communications protocol. 

The two Mars Exploration Rovers, Spirit and Opportunity, for surface 
operations were each equipped with the SDST and two redundant solid state 
X-band amplifiers for direct communications and UHF transceivers for relay 
operations with Mars orbiters. Intended for a 90-day mission after landing 
on Mars, both rovers outdid themselves, and Opportunity is still 
continuing its exploration. 

The Mars Science Laboratory reflects the maturity of the communications 
systems first operated on Deep Space 1, Mars Reconnaissance Orbiter, and the 
Mars Exploration Rovers. After landing on Mars in August 2012, this large 
rover has been communicating via X-band equipment similar to the Mars 
Exploration Rover, and a version of the Electra transceiver in the rover as well 
as in the Mars Reconnaissance Orbiter at the other end of the relay link. 

Jim Taylor 
Pasadena, California 

October 2014 
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testing, and operation of the Entry, Descent, and Landing (EDL) Data Analysis 
(EDA) system that enabled the return of the intricate series of signals with their 
rapidly varying signal levels and frequencies. 

For Chapter 8, Mars Science Laboratory, the authors appreciate the access 
to information and documents provided by members of the MSL spacecraft 
development, test and flight operations teams. Many of those acknowledged for 
MRO and MER also participated in MSL. Peter Ilott was the telecom cognizant 
engineer and provided “better art” for many of the graphics in this chapter. 
Melissa Soriano, Sue Finley, and Polly Estabrook developed the EDA 
configuration to receive the X-band signal during EDL. Melissa Soriano, Sue 
Finley, Kamal Oudrhiri, and Daniel Kahan tested and operated the EDA and 
Radio Science Receiver during EDL. Mazen Shihabi and David Bell adapted 
telemetry analysis tools, first developed by Brad Arnold and Tom Jedrey, to 
rapidly process analyses of relay link performance the first month post-landing. 
This led to the successful “tuning” of the MRO Electra radio to overcome 
electromagnetic interference from MRO science instruments that degraded the 
MSL relay link performance. The new adaptive data rate mode, first used on 
the MSL/MRO return link was also tuned to maximize data return volume. 
Much of the information on spacecraft configuration, the science payload, and 
subsystems other than telecommunications came from the excellent project 
review information in the project’s DocuShare library, maintained by Marie-
Ann Carroll. We made particular use of material from the Mission Plan, as 
prepared for the 2009 mission by Bobak Ferdowsi and John Gilbert. Brian 
Schratz, the lead of the Entry, Descent, and Landing (EDL) mission phase 
provided the description of the data analysis of X-band and UHF signals 
received during the “seven seconds of terror” culminating in touchdown on the 
surface. 
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