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The Interplanetary Network

Mission Statement

Enable telescience and telepresence

throughout the Solar System and beyond....

“Bringing the sensors to the scientists,

and the planets to the public.”



Advanced Communications Initiative
Today’s Information Obstacles and Bottlenecks

~ DSN Congestion/Risk

load and number of
critical events

- Contingency risks for
missions (e.g., 03/04,
then every two years)

- Growing overall tracking

Deep Space Data Rates

B- Demand for 10 times

increase in next decade

8- High-rate instruments
currently excluded

- MGS and MRO will
map ~ 1% of planet

- Limited coverage during
critical events

- Science orbiters provide
limited data rate

- capability

.*as N@ - Relays require planning

- | and programming each

transmission

Planetary Comm Relays | -

Operations and User
| Applications
- Deep space operations
are arduous and
expensive
- Scientists spend too
much time on
operational details
A - Public participation is
a fraction of what it
could be
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Advanced Communications Inititative

Solutions Exist
Next Generation

— %Q% DSN/Fllght Comm. DSN Prototypes
= Upgrades . Y
~ - Optical communications
- Ka-band
B Ltomation (Near-earth & deep

space demos;

synergistic with DoD)
- Prototype arrays of small

microwave antennas

- 1 new antenna

- Advanced spacecraft
antennas, amplifiers,
and radios

Applications
- Mission-enabling and
automated tools for
operations

' Mars Comm Relays

- Automated relay and
switching H/'W, S/W
- Micro-terminals for

landers - Science data
- Dedicated Mars relay visualization and
orbiters analysis tools

8# - Applications for
greater public
participation




Data Rate Constraints
MGS Capability at Mars (Max Range)

SIR-C & SRTM
Synthetic Aperture Radar (X-band) SRTM

(C-band)
T L

Data for Scierfce ]

Landsat
Multi-Spectral & Hyper-Spectral Imagers a:&sg S
Pathfinder
Pancam /min I
Plalnetm 1 11 11 1 1 1 11 111 a 1 I¢I 1 11 Iv vl : > Data
- T T T T LI | T T LI | LI T T T LI | rire T T T T LI T T Rate
104 105 106 107 108 (bits/s)

Raw
Data for Publ|c MPEG-1 o Studio
Current MGS
capability at
maximum
Mars/Earth
distance

QuickTime™ and a
Photo - JPEG decompressor
are needed to see this picture.




Interplanetary Network:
Goals

*An integrated deep space communications network with
mission operations and user applications

No “bottlenecks and obstacles”

Breakthrough communication rates on interplanetary links

Efficient, miniature short-range and in situ communications systems
Seamless end-to-end information flow across the solar system

Layered architecture and protocols for evolvability and interoperability
Integrated communications, navigation, and operations services

User software tools for analysis and visualization

(Think of IPN as the deep space version of the Internet with “Kkiller

apps.”)



IND’s Development Thrusts

Upgrade the current Deep Space Network
— Antenna refurb., 1 new antenna, Ka-band, automation
— Advanced spacecraft radios, amplifiers, and antennas

Demonstrate deep space optical communications
— Work with synergistic DoD efforts
— Low-Earth orbit demo, followed by deep space demo

Prototype large arrays of small antennas
— Build equivalent of one or two 70 meter antennas
— Understand technology, costing, operations, extensions
— Test prototype as operational DSN element

Expand Mars network with comsats about Mars
— H/W & S/W for relay, store/forward, micro-com
— Dedicated orbiters, followed by one or more stationary orbiter(s)

Develop network and multi-mission ops systems and tools
— New network ops systems and tools for the changing asset base
— Multi-mission ops systems and tools for autonomous flight ops

Advance mission design, navigation, and science/public user tools
— Better trajectory design and nav tools for challenging missions

— Better tools supporting access to and visualization of science data
return
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Build the
Deep Space

Telecom
Backbone

Develop
the Tools &
Techniques

Needed to
Operate with
this
Backbone

IND’s Strategy

Modernize DSN Pioneer Network Space
Comm Assets

Mars Network

& Advance RF Optical Comm

>

« Standards & Protocols z Se_nSO_rS to the
« S/C Comm Components Interplanetary Scientists

* RF & Optical Technology Network Planets to the
» Mission Ops Technology 4 Public

o >

Provide Multi-Mission Revolutionize Advance Mission
Ops Systems & Mission Design & Nav 8

Software Operations



Interplanetary Network
Backbone




Extending the DSN

 DSN Enhancements
— 70 m life extension ***
— Ka-band completion **
— Beam Waveguide “completion” (1-3 BWGs) *
— High rate uplink **
— High rate downlink (turbo decoders, etc.) **
— Multiple spacecraft per antenna **
— Alternate assets; standards for interoperability ***
— Automation; self-monitor and control **
— High capacity ground distribution **

* Not in current plans

** Partially in current plans
*#* Fully in current plans
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Spacecraft Communications
Technologies

Example Radios

* Small Deep Space Transponder
(SDST) exists today

~ + Space Transponding Modem

(STM) by FYO07

Example Amplifiers

* 35W Ka-band TWTA enables
4x improvement over X-band
by FY03

* 100W X-band TWTA by FY04

* 100W Ka TWTA by FY07

* High power amp by FY09

% « Grid amplifier by FY11

Example Antennas

e 3m X/Ka-Band Inflatable
Lens Antenna by FY10

= * 3.5m X/Ka-Band Reflect-
& Array Membrane design by
: FYO08
* 5-7m design by FY12

Potential performance improvements
from these components:

« ~25x from antenna developments

+ ~5x from Ka-band power amplifiers
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Optical Communications

Potential for orders of magnitude greater downlink
performance

Initial technology and demonstration steps have been taken
Need for deep space operational demonstrations
— Space Station-to-earth first; then deep space

Strong collaborations and synergy with DoD space Optical Comm Demonstrator

communications efforts - 10 cm telescope
- Fiber-coupled laser

Synergism with Code Y and near-Earth, high-rate
applications

rMo/.;PL/NASA James W. Moung - 1992 30-cm Optical Comm Terminal with
1-m OCTL Facility (under construction) Hi-Res. Imaging and Laser Altimeter 12



Arraying Technology
-- Synthesizing Large Antenna Apertures

A new paradigm for microwave, large-
aperture synthesis

— Arrays of 100’s of 10 meter antennas
Requirements:

— Low cost, high performance antennas

— Low cost, low noise amplifiers

— Low cost, reliable, cryogenics

2,000,000

“““ “““ B Fixed Costs H Civil Station “““

e :z:zztarlo::'::smlssmn Ei:tnet::‘l:rocessmg ;;;;;;;;;;;;; _ MaSS pI’OdU,Ctlon efﬁCieIlClCS
1,500,000
500,000
I R R S — Need for a prototype array to demonstrate
o E— technologies, costs, and operational
" characteristics
500,000

Potential order of magnitude lower cost
i . M o e ” ,  than current large microwave antennas

Antenna Diameter, Meters



Future Architecture and Capability

2010

DSN Extensions Implementation
" Decision

Prototype of
Antenna Arrays %

>
Implementation of Array/Optical

Optical Comm Experiments (Next Generation DSN) 14




Planetary Networks




Mars Network: A Prototype for
“Planetary Area Networks”

w‘— runk Line to Earth

&

Comm Relz

Science Orbiters

““Landers,
Base Stations




Data Return (Gb/sol)

Evolution of Mars Telecommunications
Capability

100

N
o

—

0.1

0.01

Areostationary

Relay Sat:

+ 10-100 Gb/sol

+ Continuous or near-
continuous connectivity

Dedicated Telesats:

* 1-10 Gb/sol
* Increased connectivity

+ Telecom-optimized orbit
(e.g., 4200 km)

Comm Relay w/
Low Alt Sci S/C:

Simple omni-omni UHF
comm

0.1 -1 Gb/sol

Very limited contact

Direct to Earth:
+ High Mass, Power

+ 0.01-0.1 Gb/sol

* Energy-constrained contact
time

(Pathfinder era)

(Limited roving Era,

e.g., MER)

(Extensive roving era,

e.g., MSL + Marconi)

(Outpost era)

Continuous
Mb/s
Streaming
Video

Full-res
PANCAM
In 1 hr

Full-res
PANCAM
In 1 Sol

Full-res
PANCAM
In 1 Week



IPN: Networking Concepts and Protocols
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Precision
Navigation




Low-Thrust Guidance &

Navigation
Mercury, small body, and
outer planet missions

Interplanetary Network:
Enabling Precision Navigation

o = & -

Aerocapture Precision Landing In-Situ Vehicle GN&C
Missions going into Landing on small bodies, Rovers, balloons,

orbit about Venus, Mars, terrestrial bodies, or submarines, and aircraft
Saturn/Titan, Uranus, planetary satellites on planets, satellites, and

Neptune

Rendezvous & Docking

Sample return missions to
terrestrial planets, small
bodies, and planetary
satellites

small bodies

Flight in Irreqular or Multi-Body Multi-Vehicle GN&C
Gravitational Environments Terrestrial Planet Finder,
Small body and libration point constellations, etc.
missions



Precision Navigation:
Implementation Elements

« DSN-based navigation techniques
— X-band and Ka-band Delta-DOR

* Space-based navigation techniques
— Optical navigation
— Local navigation infrastructure
* Homing beacons
o “GPS-like” system
— Optometrics with optical comm
« Navigation and trajectory design tools

» Spacecraft-to-spacecraft navigation
— Automated optical navigation
— Formation flying
— Rendezvous and docking



Network Management
and End-to-End
Services




Mission Data System (M|

Building software for the

next generation
of NASA missions




Mission Data System

A Unified Flight, Ground, &Test
Data System Architecture for Space Missions

Proeass

Software —

SYStems /
Engineenng

MDS Products

Examples (e.g., Mars Smart Lander)

M  Unified flight, ground and test architecture

M Orderly systems engineering methodology
MDS provides a 5 oo
cradle-to-grave, &1 Processes, tools, and documentation
end-to-end -

|

system solution

Reusable software




H/W

MDS Return on Investment

State

State

Knowlefge iate
y 4 N

State
Determination

—

Actions

State Coordinate

Control | Elaborate

MeasurementsT

H/W Proxies

.

Actions

J

Report

Telemetry

* More reliable missions

— Tested technology core

— Rigorous design methodology
* More capable missions

— Allows easier infusion of new
technology, especially autonomy

* Lower development costs

— Core technology base means shorter
schedules

— Common architecture across
deployments

— State Database means reusable
systems engineering

— Reduced test costs
* Reduced operations cost
* Preserves institutional investments

— Lessons learned are preserved in a
technology core
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The Interplanetary Network:  “i&

An opportunity for

Commercial and Gateway to Exploration

University Partnering to

Develop “Killer-Apps” For Education and the
Public

Virtual reality
*Publicly accessible databases

r ._:.___1_ =




IND’s Institutional Computing and Information
Services

* Technologies

— Emerging IT enabling technologies, such as
wireless communications, knowledge
engineering, and multi-platform software
development environments

» Challenge

— Maintaining the proper funding levels for the
development of an ever increasing set of
needed IT infrastructure services within a
limited burden budget

« Strategy

— Develop integrated and/or interoperable
architectures for IT infrastructure services to
minimize development costs and maximize
functionality. 1




Interplanetary Network: Return on Investment

More science for the scientist
— 100 times or greater increase in science data
— Huge increase in science return for every
mission’s investment
Safer, cheaper, and more capable
space science missions

— Continuous, ubiquitous, and reliable
communications for all mission events

— Precision navigation

— Multi-mission, “plug and play” H/W and S/W
components

— Standard, automated mission operations tools
Telescience, telepresence, and a real

sense of participation by the public

— Applications to enable scientists to do science
more easily

— Killer-applications for exploration and
discovery by the public -- virtual observatories
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The Ihteiplane?a_ky Network: .
- Enabling NASA'’s Mission

*
, «|
Understand and
: home

Inspire the next generation
of explorers
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