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TPF Mission Overview JPL

Science Goal:

e Primary objective is direct detection and characterization  :e -
of earth-like planets around nearby stars

L]
e Secondary objective is general astrophysics P
ior
Architectural Candidates: : T
10
e Visible Light Coronagraph i wr
e Mid-IR Interferometer : L.l
— Formation Flying -
— Structurally Connected W
Mission Duration: 5 years (10 years goal) 160 . e

Expected Launch Date: 2015

Visible Light
Coronagraph

Structurally Connected IR

Eormation-Flying IR
Interferometer Interferometer
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FFI Mission Description:

e Formation Flying Interferometer--
consisting of multiple (4-6) telescopes on
separate Collector spacecraft flying in
closely coordinated constellation with
Combiner spacecraft

e Instrument is an Infrared Nulling
Interferometer operating at cryogenic
temperatures that employs destructive
interference to cancel light from a target
star and enable direct observation of the
star’s planets

e Spacecraft separation distance is adjusted
to vary the interferometer baseline for
optimum viewing of each target

Star pla
I I i
B

Kev Formation Flying Issues:

e Lost-in-space Formation Acquisition

Collision Avoidance

Precision Formation Control

Observation-on-the-fly

Integrated End-to-end System
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Purpose of the Formation Sensor Testbed JPL

Acquisition (Coarse) sensor
2 1t steradian coverage
> (extended to 41 by analysis)

To demonstrate feasibility of an integrated
4m-coverage range and bearing formation
acquisition (coarse) sensor that would
enables the spacecraft to perform:

e Lost-in-space formation acquisition

e Coarse formation flying

Medium sensor
Centered on
boresights

Fine sensor

Centered on
boresights

e Collision avoidance in case of single 360
o . L — 1 arcmin
spacecraft fault condition pr ——
10 arcmin 2 arcsec

Initial Configuration
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TPF Formation Sensor Testbed Requirements

SJPL

Formation Sensor Testbed (FST)

Requirements TPF Flight FST Comments
Performance
FOV Coverage 47 sr 2 Sr Extend to 41 by analysis
Cooperative Mode
Operating Range 16m-10km] 16 m-1km |10 km for evaporation
Range Accuracy 0.5m 0.5m
Bearing Accuracy 1 degree 1 degree
Non-cooperative mode Radar mode
Operating Range 16-200 m 16-50 m |center to center
Range Accuracy T m 4 m
Bearing Accuracy 30 degrees -
Update Rate 1 Hz 1 Hz
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TPF Formation Sensor Testbed Requirements JPL

5 spacecraft (scalable)

« Each spacecraft must be able to determine the range and
bearing of any other visible spacecraft without prior information.

- Coarse sensor must be able to perform self-calibration without
maneuvering the spacecratt.

« The coarse sensor must maintain the integrity of the formation in
case of a fault condition (“radar mode”)

) 00(

Range and Bearing-angle Links
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Design and Features JPL

An RF sensor based upon the Autonomous TxandRx ~ TxandRx ~ TxandRx  TxandRx

. . Antennas Antennas Antennas Antennas
Formation Flying (AFF) sensor PTPP PTPP PITT P
e Integrated range and bearing sensor “

e RF sensor to achieve 4st-steradian coverage ‘

e Multiple sets of transmitting and receiving

antennas to do ranging and bearing-angle Ref OSC
Freq Synthesizer]

measurements for a target spacecraft in any

direction High-level functional block diagram
e | transmitting antenna

* 3 receiving antennas

e Configurable baseband processor can perform T rransmitter,

far away

multiple functions
e Pseudorange and phase measurements

* Local diagnostics and estimation
e Integrated radar for collision avoidance Baseline = B

Excess range at antenna 2 = A

* Integrated inter-spacecraft comm. Bearing angle b = sin”'(A/E)
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Results of the Trades Considered JPL

e Sensing technology RF

e Carrier frequency selection S-band

e Antenna configuration 4 tx and 12 rx
e Signal Structure Ultra-BOC*

e Time-division duplexing (TDD) Yes

m Coarse sensor,
o transmitting antenna

Ohtg\oing interferometric
beanipath

@ Coarse sensor,
O receiving antenna

(Light-colored antennas rns_ogr‘_:_;i——s——“i:ﬁ‘:?s—w&_ﬂ‘ﬁ“ el
are partially hidden. " N
P Y ) L 11.5 m diameter I
i

A. Jarski
Ball Aerospace

* Multi-component extension of Binary Offset Carrier (BOC) modulation developed specifically
for TPF
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Signal Structure JPL

New signal structure and associated algorithms will be developed to enable:
e Simultaneous operation on many spacecratft.

e Fast signal acquisition of less than 1 minute for multiple spacecraft operation.
e An order of magnitude reduction of range error.

* Fine bearing angle measurement without the need for spacecraft rotation

calibration maneuver.
< Acquisition

=p 3 BPSK ranging code, 10 Mchis

/ Step 2 Step 1

Ultra-BOC Signal Structure

1 1 )

f - f,- f fe + fe +
150 MHz 110 MHz Lt | 110 MHz 150 MHz
& 100 bits/s Step 1 & 100 bits/s
<: Observable Formation:> Step 2

Step 3
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Functional Block Diagram JPL

I
I
! 12
Baseband Processor i X
Tx . L -
RTC || channels | Coding X AD = AMP il = \ S\:V Rec<leive
j>§‘ /
Low-Rate Data | y _ Antenna|
L PN Code Receiver |
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I L tX —
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Accum |t ®—§>_ I f Synthesizer
[ T
Rx
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= x 4
Extract Phase & Del P fv ' $<"> Power j
xtract Phase & Delay [ | Compute Sync Time rate Sl (—- + >< w » SWH<]
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Extract Phase & Delay Trackln _ 9 A Transmit
E f A
xtract Data Bits High- P.|P Antenna
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data Transmitter
Calibration/ Command & Data
i Handl
Compensation ancer Transmit Channels H
A - Power Control
P /Switch
ov(vzirntr\gll © Switching Control

»> Spacecraft Computer
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Development Approach JPL

FST Acquisition Sensor Analysis FST Acquisition Sensor Testbeds
* Error Budget S/ 0

e Multipath

e System noise

.in

e Link budget
. . Freq [ RE:C [[l [ Xmit_ ] Freq | Re.c [[l [ Xmit ]
° Covarlance analy81s symhesiml_I [T —] symhesiml_I [T —]
* Signal acquisition analysis SIC1 S/C3

Indoor Functionality Testbed

e Frequency system analysis

e Antenna radiation & phase
pattern modeling including the
effect of s/c structure

ticulated Testhed .

RNEE S
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Technical Challenges & Mitigation Approach  JI<SIL

Challenges Mitigation
.| Indoor |Outdoor
Analysis Testbed|Testbed Other
Achieve 41t coverage for both range and bearing +/ +/ +/
measurements
Calibrate the coarse sensor without spacecraft +/ +/ +/
maneuvers
Perform adequate instrumental delay and phase \V \V \V
calibration
Maintain the array with the coarse sensor disabled on| 4/ +/
one spacecraft (Radar mode)
Mitigate effect of multipath +/ +/ v
Acquire and track a combination of close and distant V V V
spacecraft
Meet requirement for heat dissipation on the cold side| 4/ v/
of the s/c
Switch receiving and transmitting antennas +/
dynamically
Frequency subsystem design V Vv Vv
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Preliminary Test Result
(JPL Mesa 1200 ft range) JPL

Objective: Lowenit "
To use Binary Offset Carrier (BOC)
signal structure to resolve differential
synthesized cycle ambiguity to obtain
bearing angle measurement without the
need for spacecraft rotation calibration

maneuver.
Requirement:
* Accuracy: < 5 degree bearing angle
Bearing Angle (Truth vs. Measured) Summary Results:
10 .
~ 8 x e Bearing accuracy: < 2 degrees
S5 o | e Bearing precision: ~1 degree (1 0)
¢ (e -
o O o 4 T gl N
g R Gi. TEE Benefit for TPF:
g - ST e e  Significant reduction in flight system
S g | hesmred T | 5 design and operational complexity.
_-IO rrrrrrrrrrrrrrrT T T TrT T T T T T T T T T T T T T T T T T T T T T T T TTT
- 5 3 5 53 5 5 5 5 o
58 k288 R g
Time (sec)
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Plans JPL

Sept, 2004 - Demonstrate sensor functionality, range and bearing
performance stability, and signal acquisition time for 2 s/c
operation in the indoor testbed.

Sept, 2005 - Demonstrate sensor functionality, range and bearing
performance stability (including jamming effect from the third
s/c), and signal acquisition time for 3 s/c operation in the indoor
testbed.

June, 2006 - Demonstrate end-to-end system performance and
signal acquisition time for 3 s/c operation in the outdoor
articulated testbed.

Formation Acquisition Sensor for the Terrestrial Planet Finder Mission 11 March 2004 pg 14




