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Introduction JPL 
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* The System Testbed-3 (STB-3) is pan of the technology development for 
the Space Interfemmetly Mission. 

3j 
3 mission. 

* The (estbed activity is focused on the Dynamics and Control pan of the 

5’ 
: 

* The primary objective was to demonsme the ahility of SIM to stabilix 
fringes of faint .science Stan on the \cience interferometer, in the presence 
of emulated spacecraft attitude control in the sub 1 Hem frequency 

* This was achieved by “pathlength reeed-forward’(PFF): uring fringe 
I information from the guide interferometers staring at bright star. to 

control the science interferometer. 

~ regime. 

Hi* Initial results were presented in Munich in Zoo0 *- Most of the performance testing has been conducted in Zoo0 and 2001. 
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;I disturbances in the lab. z! 
2i Steady state rejection performance of PFF has been measured 

for both pitch and yaw. 
PFF Rejection levels range from 50 to 80 dB below I Hz. 
On-orbit like attitude disturbance have been rejected to the 
ambient noise floor. 

Fringe stability with PFF in Science Interferometer is 
currently 45 nm RMS for frequencies below 1 Hz. 
This noise floor was proven to be limited by atmospheric 
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I a P a t h l e n g t h  feed-forward (Ambient rejection) JPL 1 
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Rejection of Induced Sine ACS Dsturbances J 



a PFF: ACS induced Yaw @ 0.01 Hz JPL 

I @ On-Orbit Like ACS Disturbance I 
* TRW supplied us with a PSD estimate of Yaw and Roll ACS On-Orbit 

pk Disturbance. 
+i 
$1 
;/ 
c~ micrometers RMS. 

IJsing this PSD we created a Kalman Signal Generation model to generate 
On-Orbit like ACS disturbances in the lab. 

* ’he disturbances generated are random with about 99% of disturbance 
power below the 1 Hz frequency. Disturbance level IS about 55 

PFF rejection of these On-Orbit like extemal disturbances w& consistent 
with steady state tests run thus far. (Le.. sum noise floor %as measured 
during these experiments as those measured during steady state 
measurements) 
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2. The system was run for over one hour in PFF mode. 
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Combined Dim Star Fringe Tracking 
and PFF Tests 

Lessons Leamed JPL I 
~ Ftinge tracker performance (must get good feed-back performam 

* High frequency noise filtering (to avoid feeding forward noise) - Sampling rate (as fasl as possible to avoid jumps) - Timing (timing limits the rejection ratio). - Phase unmpping (the starlight fringe phase estimalor should be robust 
to avoid jumping to adjaent waves). 

Geometry (star position knowledge limits the rejecoon ratio). 

71 prior D implement feed-forward). 
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Ahnosphere idefnea the noise floor for the feed-fonvxd performance). 
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Dim Star Fringe Tracking Goals JPL 
* Use a very low bandwidth fringe tracking loop (in addition to 

PFF) in the Science interferometer to eliminate drift. 
Exact bandwidth of fringe tracking loop depends on Star 

In STB-3. design and implement a dim star fringe tracker for 
a Magnitude 15 star (i.e., 1 second integration time). 
Science interferometer drift is eliminated with addition of the 
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C 
51 Magnitude. 

4 
8: Dim Star Fringe, Tracker and PFF can be blended; the 

~1 combined rejectton IS the sum of the rejections. 

1 Dim Star Fringe Tracker. 

Rejection of On-Orbit Disturbance 
using PFF +DSFT JPL 
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Summary/Status JPL 
1 - PFF Rejection Performance Coals have been met. 

below 0.1 Hz is limited by atmosphere to 

* PFF has teen used to rekct On-Orbit like, random. d~sturbances. 
* Observation times of more than 1 hour have been achieved. 

with PFF to eliminate drift. 
* Combined Dim-Star Fr and PFF provide 12OdB of rejection at O.OIHL. 

are very stable and still in use severdl months later. 

: i - A dim-sfar fringe tracker has becn desiwed and implemented together 

The PFFcoefficients optimized in January from bright star fringe tracking 

". Send correpandence to: renaud@jpl.nasa.gov 
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Phase 2: PFF on the flight-like structure. 1 
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j the Space Interferometry Mission. 
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* The System Testbed-3 (STB-3) is part of the technology development for 

- The testbed activity is focused on the Dynamics and Control pan of the 
mission. 
The primary objective was to demonstrate the ability of SIM to rtabllize 
fringes of faint science stars on the cience interferometer. in the presence 
of emulated spacecraft attitude control in the sub 1 H e m  frequency 
regime. 

* This was achieved by "pathlength feed-loward" (PFF); using fringe 
information from the gu& interferometers stains at bright star. to 
control the science interferometer. 
Initial results were presented in Munich in 200(1. 
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*: Most of lhe performance testing haa been conducted in Zoo0 and 2001. 
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Fringe stability with PFF in Science Interferometer is 
currently 45 nm RMS for frequencies below 1 Hz. 
This noise floor was proven to be limited by atmospheric 
disturbances in the lab. 

* Steady state rejection performance of PFF has been measured 
for both pitch and yaw. 
PFF Rejection levels range from SO to 80 dB below 1 Hz. 
On-orbit like attitude disturbance have been rejected to the 
ambient noise floor. 
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1 Path Feed Forward Diagram JPL 1 

I # Path-Length Feed-Forward (Ambient) JPL I 
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:I - Rejection of Induced Sine ACS hsturbances 
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PFF: ACS induced Yaw @ 0.01 Hz JpL 

* Path Length Feed Forward: Performance JpL 
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I On-Orbit Like ACS Disturbance JpL I 
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7; Disturbance. 
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- TRW supplied us with a PSD estimate of Yaw and Roll ACS &-Orbit 

Using this PSD we created a Kalman Signal Generanon model to generate 
On-Orbit like ACS disturbances in the lab. 

* The disturbances generated are random with about 99% of disturbance 
power below h e  I Hz frequency. Disturbance level is about 55 
micrometem RMS. 
PFF rejection of these On-0rblt l i e  external dialurbdnces was consistent 
with steady state tests run thus far. &e.. same noise floor was measured 
during these experiments as those measured during steady state 
measurements) 
The system was run for over one hour m PFF mode. 
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i/ and PFF Tests 
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Combined Dim Star Fringe Traclung 
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Path Length Feed Forward: Performance JPL 
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Lessons Learned JPL I 
I 1 * Fringe baeker performance (must get g m d  feed-back performance 

pnor to implement feed-fnrward) 

HW kequency noise filtering (to dvotd feedmg torwdrd no,%) 71 
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- Sampling rate (as fast iw: possible to avoid jumps) 

liming (timing limits the rejection ratio). 

Phase unwrapping (the starlight fringe phase estimator should be robust 
to avoid jumping to adjacent waves). 

Geomeiry (star position knowledge limits the rejection mtio). 

f 

- 
I &f Atmosphere (defmes the n o w  floor for the feed-forward performance). 

Rejection of On-Orbit Disturbance 
using PFF +DSFT JPL 
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Summary/Status JPL I 
* Performance at frequencies below 0. I Hz is limited by nunosphere to 

On-Orbit like. random. disturbances. 
Observation tunes of more than I hour have heen achieved. 

* A dim-star fringe tracker has been designed and i m p k m n t d  together 

Comhined Dim-Star IT and PFF provide 12OdB of rejection at 0.OlHr. 
The PFFcoeflicients optimized in January from bright star fringe tracking 
are very stable and still in use several months later. -~ 
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