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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.”



Astronomy
. Missions

I?Ic'_:;netary !
~ Exploration”

_ g Mission Services,
2% Data Distribution




|*'.x|_ﬂuuf

e Possibilities M aJ or E | emen tS

Today’s Deep Space Network

Next Generation Deep Space Network
- Array-based

- Optical

 Needed technologies

e Mission IT and networking

e Multi-mission operations
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The Deep Space Network

Comprises three major tracking sites around the globe to
provide continuous communication and navigation
support for the world’s deep space missions.
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Canberra
Operated by
Raytheon for

Madrid CSIRO

Operated by
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Aging DSN
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DSN Performance Gap

Jupiter Edge of
GEO Moon Mars Pluto Solar System
1 Pbps
1 Thbps
1 Gbps
1 Mbps \
S . '
Mission Requirements out to 2030
1 Kbps
1 bps = E— =
10,000 km 100,000 km 1 Mkm 10 Mkm 100 Mkm 1 Bkm 10 Bkm 100 Bkm

1,000-fold increase is needed to support planetary missions
Adequate sensitivity already exists for all lunar and Earth
libration point missions



Performance Improvement

End-to-End RF Communication
Performance Requirements
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High Power S/C Transmitter
100W

1001 Advanced Coding & Compression
Factor of 5 over today

Ka-Band Deployment on all Assets
Factor of 4 enabled by Next Gen DSN

=
o

Next Gen DSN Antennas
Factor of 10 over today’s 70m

1 Current DSMS

Spacecraft: X-band, 10W, 1.5m ant; DSN: 70m ant

Flight
Enhancements

Ground
Enhancements

» Factor of 1,000 performance increase for most deep space

missions

 Some missions will require more — up to 1,000,000

- Higher power (~1 kW) transmitters
- Larger (~10m) high gain antenna

- Optical communications



Key Technology Areas

« Ka-band communications
— 4x performance gain and increased bandwidth

_( + High power spacecraft comm
—~ Take advantage of Project Prometheus

MuHiplkexar

Oaxia

Muhiplaxzr

+ Large arrays of small antennas
— Earth infrastructure of the future

+ Optical communications
— New infrastructure for high bandwidth

+ Error-correcting codes
- Protect data sent through deep space

+ Data compression
— Use links efficiently

+ Ultra-stable clocks (including spaceborne)
— Perform precision navigation

Communications standards
— Guarantee quality and interagency cross-support



iSue  Synthesizing Large Antenna Apertures

e A new paradigm for
microwave, large-aperture

- o Synthesis

Vi« Requirements:

- Low cost, high performance

antennas
- Low cost, low noise
;;;;;;;;;;;;;;;;;;;;; Srieioees  So e - amplifiers
i L 'E'eC”O”'CS'A”‘e”“a “““““““ 7 - LOW COSt, rellable, Cryogenlcs
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; e - Mass production efficiencies
e Potential for significantly
R % |OWer cOSt than large

microwave antennas
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Fxplore

A Poxbilitics Next Gen DSN: Why Arraying?

* Less expensive than large monolithic
antennas

e Supports current and future missions

- Consistent with NASA mission set
implications for increased capabilities

 Modular and expandable to enable
gradual deployment, commensurate
with needs and funding availability

- Can replace existing assets as they
become uneconomical, or can create all

new capabilities
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i Possibilitics
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Why Arraying? (continued)

e Higher reliability

- Graceful degradation with component
failures

* Lower real-time operations costs built
In from the start
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Phased Deployment Strategy

 Phased deployment

- Scope, schedule and JPL/HQ commitments can be adjusted to
reflect the evolving requirements and available budgets

e Transition from current DSN to future DSN

I Headquarters Requirements, Directions and Approvals
l Troed Formulation > l¢ Implementation >
Req,ts OGO 0000000000060 0000 * ...........................
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Concept PNAR PDR/NAR

Review




Explore . : "
i« Possibilities Optical Communications

e Optical comm Is a key
element of the DSN visionj

- High bandwidth for trunk
lines from exploration
targets

B High performance for Comm Telescope Laboratory
extreme outer planet M7
missions

e With the demise of MLCD,
a new infusion path is
required for optical
technology

e Missions of opportunity Prototype optical
need to be identified comm payloa
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PI an etary performance
Networks - / exploration
T el [ncreased

Global coverage of Deep
Space

Current state of the art

Lunar

_ NASA Space Networklng
Optical _ }
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Modular and expandable

Low cost manufacturing and
operations

x40 performance

_ : Mission Services,
High bandwidth i Data Distribution
communications :

High reliability
Low mass spacecraft _
il components High Performance: > x1000 by 2015

Beginning of technology Cost effective
growth curve Planetary networks, seamless connectivity
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Network Orbiter-Assisted Operations

Metwork Orbiter Assists Science

Assets

* Performs additional fault analysis
for in-situ assels

* Receives high-rate EDL telemetry
and relays to Earth

* Serves as co-processor for science
dala to improve science return

* Manages in-silu data archives

Science orbiter
sends excess
instrument data to
network orbiter for
processing and relay
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Explare, Advanced Multi-Mission
Operations System (AMMOS)

i
Science Plans Mission -~ R Command
Planning < _ | Processing
o equencin
Activity > . . Y
Requests
|
i
: |
Science |
Users Flight Mission Control
I System &
< | Analysis Monitoring
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Instrument Data I
Data ! Processing y
Archive I < » Dag Telemetry
j Management |«<—|  Pprocessing
| Science and Ancillary Data & Arf:huvmg And Display
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I Navigation
! MOS 9
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Questions?

Please talk with
Ox personnel at the
breakout session.
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