Cleared -

High-Fidelity Telecom Analysis Techniques for Spacecraft Dynamic Events

Ramona Tung Kar-Ming Cheung Jim Taylor Ricardo Mendoza

Traditional telecom planning is usually limited to single point, worst-case scenario analysis of a static
communication link. Communications during spacecraft dynamic events (which are usually critical) like
launch, trajectory correction maneuver, and orbital insertion are usually not sufficiently characterized a
priori. The lack of high-fidelity simulation of spacecraft dynamic events results in:

1) Limited ability to timely detect and react to spacecraft anomalies. This might lead to loss of encounter
opportunities or even loss of mission.

2) Limited ability to plan and analyze mission communication design and operation strategy during the
design phase. This might lead to insufficient information to quantify operation impact and subsystem
interaction, resulting in bad onboard design, inefficient telecom resource usage, and reduced science
return,

In this paper we describe a systematic approach to support telecom planning and analysis for
spacecraft dynamic events. This approach involves 1) a standard interface with the NAIF SPICE data to
input spacecraft trajectory and attitude information, and 2) a set of attitude heuristic models that simulate
the spacecraft attitude in the normal mode and in the safe mode. These techniques are currently
implemented in the operational telecom forecaster predictor (TFP) link analysis tool. The TFP tool was
used to support the DS1 high-gain antenna pointing activities in the absence of the stellar reference unit
(SRU). The TFP tool was also used to support the planning and execution of the Mars Odyssey orbital
insertion (MOYI) critical event on August 28, 2001. This tool is now being used to support the Space Infra-
Red Telescope Facility (SIRTF) launch scenario analysis using DSN and non-DSN stations.

The rest of this paper will describe in details how we apply the above techniques to support telecom
planning and analysis of the mission dynamic and critical events.
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Outline

¢ Multi-mission TFP and UTP Overview

o TFP Support on Dynamic Event Analysis for DS1
— “Telecom-in-the-Loop” HGA Pointing during DS1 SRU Anomaly

¢ TFP Support on Dynamic Event Analysis for Mars Odyssey

— High-fidelity telecom simulations to support high-dynamic events like
launch, safing, and orbital insertion
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Overview

e TFP is an operational multi-mission GUI-based telecom link analysis
software for mission planning and operation (Phase C/D, E)

— Unlike prior link analysis tools (e.g. Excel spreadsheets) which only provide
static analysis of best/worst case scenarios, TFP contains high-fidelity
models and interfaces to support high-dynamic scenarios analysis

— Contains modular and reusable components to reduce development cost
e Multi-mission architecture

— Build upon MATLAB - a technical computing environment for high
performance numeric computation and visualization

— Separation of DSN common models (core) and mission-specific models
— Client/server architecture to support GUI and batch mode

— Support time-series analysis and fixed range/fixed elevation analysis

— Standard NAIF library and interfaces (SPK, CK etc.)
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Overview (Cont’d)

* Modeling/simulation capabilities
— High-fidelity DSN common models (810-5 compliant, multi-mission)
— High-fidelity mission telecom models (mission-specific)

— C-kernel interface and attitude heuristics modeling to simulate telecom
performance during spacecraft dynamic events - launch, safing, TCM, and
orbital insertion

* Software capabilities
— Trace model using model tree
— Edit model using editpar

— Over-ride formal delivered models with user-customized models using
‘add-path’. Support fast-turn-around analysis (used at your own risk)

— Save GUI setting (GUI-state file) for future use

— View and process time-varying variables with Matlab native commands or
workspace visualization tool
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TFP Graphical User Interface
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¢ The Unified Telecom Predictor (UTP) uses the same models as TFP
and generates telecom predicts to configure and operate DSCC
telemetry subsystems to track ongoing and future missions (SPS D1,
2004)
o UTP generates data rate capability file to support sequence planning
— Used in DS1with Plan-It
— Support MER-APGEN interface
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Snapshot of DRCEF file (30 min interval for 7 days)

Elv. of DSN sites UP/down Data rate capabilities for each
| station and for each configuration

ew period generation f !
LowGain Antenna :
ul34mBWG _ Jul 34mBWG  Jul 34mBWG _|ul 34mBWG _ |ul 34m BWG  |ul 34m BWG
di34mBWG  [di34mBWG _ |di 34m BWG __ |di 34m BWG _ |di 34m BWG __|di 34m BWG
ul NO mod ul NO mod ul NO mod ul NO mod ul NO mod ul NO mod
rmmm dl NO mod dl NO mod dl NO mod dl NO mod di NO mod
Canb Madr Gold Canb Canb Madr [Madr Gold Gold
datehime calendar range range owit Igax Igaz+ scant clevation elevation elevation max uplink max downlink _|max uplink max downlink | max uplink max downlink
: Mmss date km AU sec tocarth (deg) }toearth (deg) |best LGA angle (deg) angle (deg) angle (deg)bit raj bit rate (bps) bit rate (bpe) bit rate (bpe) bit rate (bps) bit rate bit rate (bps)
) bit rate, [bit rate (bps) _ Ibit rate (bog) ,_Ibitrate (bps) it rate (bps) I bitrate (bps) _ |bitrate (bos)  {bjtrate (bps)  |bityate (bps)  Ibitrgte(bps)  ibjiraste(bps)  bitrate | bit rate (bos)
1999- :00:00 99 181506360 1213 605.44 45.56 93.63 1 NaN NaN 49.7 |NaN NaN NaN [NaN_ 15.625
1999- :30:00 %/215 181523274 1213 605.5 45.56 93,63 [NaN__ NaN 505 [NaN NaN NaN [ NaN 15.625
1999 1:00:00 121099 81540177 1214 605.55 45.56 9363 |DAJNgax  INaN NaN 30 [NaN NaN NaN Ni 15625 |NaN
999- 1:30:00 2199 181557083 1214 605.61 4556 93.63 T 10.6 |NaN 483 15.625 |NaN NaN Ni 15.625 | NaN
1999-2027T02:00:00 721/99 181574002 1214 603.67 4555 93.62 | 16.7 |NaN 456 15.625 |NaN [NaN NaN 15625 |NaN
1999-202T02:30:00 | 72199 | 181590945 1214 605.72 4555 93.62 ax 1 227 |NaN 419 15625 |NaN NaN 15.625 | NaN
1999- :00 72199 | 181607924 1.214 605.78 45.55, 93.62 ax (/L)) 286 |NaN 376 15625 |NaN NaN NaN 15625 |NaN
1999.; :30:00 721099 949 1214 X 4555 9362 JULY, 34.4 |NaN 3238 15.625 [NaN NaN NaN 15625 INaN
1999-202T04:00:00 199 | 181642008 | 1214 605 43.35 93.61 }(UAL) 40 | NaN 215 15.625 | NaN NaN 15625 [NaN
1999-202T04:30:00 121099 181659172 1214 605.95 45.55 93.61 | 7 451 |NaN 2 15625 |NaN NaN NaN 15625 |NaN
1999-202T05:00:00 1721099 181676386 1214 606.01 45.55 93.61 i I 49.8 INaN 162 15625 INaN  INaN NaN 15625 |NaN
-202T05:30:00 12199 | 181693677 1215 .06 4554 936 |, 1 538 |NaN 103 15625 _|NaN NaN NaN 15.625 |NaN
1999-202T06:00:00 121099 171 1215 606.12 45.54 936 | 56.8 |NaN NaN _ 15625 |NaN NaN NaN NaN
1999-202T06:30:00 2199 1.215 606.18 4554 93,6 | (U )gax O/ 58.5 |NaN NaN _ 15625 |NaN NaN NaN NaN
999 :00:00 22199 | 181746051 1215 606.24 4554 936 | ax 587 |NaN NaN 15625 IN N NaN NaN NaN
[1999-202707.20:00 1 7109 1 181763682 L2LS 6063, A5.34 2330 | 575 |NaN 15625 INaN _ [NaN NaN_
11990-202706:00:00 1 7721/%0 | LaL3 606,36, 45,54 235 | 348 INaN 15620 INaN _ _INgN NaN_
1999-202708:30:.00 | 12199 1215 606.42 45.54 93.50 511 |NaN 15,625 |NaN {NaN NaN
| 1999-202709:00:00 J219 181817073 L2 60648, 4553 93,30 46.] INsN 13625 INaN __INgN NaN__
L1999:200T00:30:00 |  7/21/99 | L215 606,54 4553 33,38 | 416 INaN 13623 INaN ____INgN NaN_ [NaN ]
1999:202T10:00:00 |  7/20/90 | ﬁt‘l 1 606.6, 4553 23,38 | 36,2 INaN 15625 INaN _ INgN NaN __ [NoN ]
11999-202710:30:00 1 7/721/90 | L 1216 606.66 45.53 23.58 30 INaN 15625 INsN _ INaN NalN_
[1990-202711:00:00 1 7721/90 | 18]880730 1216 $06.7%. 4533 23.57 246 INaN 15625 INaN _ _ INgN NaN__ [NaN___ |
1990-202T11:30:00 121099 181907400 L - 606,78 453 1 9357 | 6 {NaN 13625 INaN _ INaN NaN _ INaN___ |
1999-202T12:00:00  J  7/201/90 1 181925500 L216 606.84 4553 93,57 ] 125 £.1 {NaN 13625 INsN 13623 {NaN__
H999-202T12:30:00 1 7721099 1 181943796 L216 §06.9 4252 2.57 6.4 136 INgN 15625 1NN 15.623 {NaN
11900-202713:00:00 | 7721/09 1 181962008 | 1216 | = 60696 4332 93.5¢ L(DNgax NaN 12 JNalN_ NaN__ 15625 INsN NaN
W&L_ml&_% 1216 | 93,36 LD/ALgax NaN ~—24.] INaN NaN 15625 |NaN
[1999-202T14:0000 | 772190 | 1217 SQL08. 4552 93.56 LD/AMgax NaN_ —28.0 INaN NaN __ }3.625 |NaN NaN __
1999-202T14:30:00 | 772190 | 182016539 1217 S0L.14 4332 23.55 |(Dilgax NaN_ 333 INaN NaN_ — 15623 INaN = INaN = INgN
L1999-202T15:00:00 1 7/21/99 | 182034677 1217 — 672 L 455 1 935 lDiLilgax 312 NaN NaN 15.625 INaN__
|1999:202T15:30:00 ___ L. 772100 1 182052745 1217 4551 9355 pDANgax INaN —~——40.5 INaN NeN__ 15625 INaN
11999-202T16:00:00 1 772100 1 182070754 1217 §07.3% 4251 9355 {Oilgax _ INaN — 431 {NaN NaN_ 15625
[1999-202T16:30.00 ) 7100 ] 1217 4531 9354 |(DLlgax . INaN 447 INaN 15623 INaN
[1299-202T17:00:00 __ }  7721/00 539 1217 - 60744 43.51 9334 L(DMJigax . . INaN 452 NaN_ 15625 NaN__
[1999202T17:30:00 | 72190 ;152124343 1217 $07.3 4351 9354 LMMLIgax. . INaN 4.8 INgN NaN __ NaN __ 15625 INaN
|1999-202T18:00:00 . [ 772190 | 182142041 1218 $91.56 4551 93.53 LDMLigax NaN 433 INgN NaN__ NaN 15625 INaN
|1999-202T18:30:00 | 772190 1 182150640 1218 £07.62 455 9353 MDAMgax . INaN 409 {NaN NoN__ NalN 15625 INaN NaN____ NeN_ |
L1999-202T19:0000 | 772100 1 182477167 1218 $07.68 43,5 93.53 |(D/Lgax NgN 311 NaN__ 15625 INaN___ (NaN_____ ]
83 columns —»
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Current Mission Set

e TFP mission suite

JPL operated missions: Cassini, DS1, Galileo (informal)
LMA operated missions: MGS, Stardust, MarsO1, Genesis
Future: SIRTF, MER, Deep Impact, MRO

Proposed: Starlight, Europa Orbiter

DSN Monitor & Control System

e UTP mission suite

06/25/2002

DSN predict generation

DS1, Cassini, Galileo, MGS, Stardust, Mars01, Genesis, Voyager 1&2,
Ulysses, Chandra

Any new mission models developed for TFP will be adapted for UTP to
support future DSN automation

Project link capability predict generation
 DS1, MER
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“Telecom-in-the-Loop” HGA Pointing during DS1 SRU Anomaly

e DSI1 Stellar Reference Unit (SRU) failed in November 1999. In the absence
of SRU, DS1 could not maintain an attitude for HGA downlink
» DS1 develop an interim 3-axis pointing concept (HGA activity) to support
— Return of valuable science data already stored onboard at the time of failure
— Maintenance of reasonable uplink and downlink communications in the interim

— Upload several megabytes of new flight software at a high rate

« The new software operates the science camera to generate star data for onboard pointing
control
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 New TFP modeling capabilities were developed to support the DS1
HGA activity

— Model the telecom performance as a result of the DS1 spinning/coning
“safing” heuristics

— Establish the optimal coning rate that provides a wide enough command
window and a fast enough turn-around time

— Determine the supportable uplink and downlink data rates

 DS1 HGA activity details

— Start from X-to-Sun, spin about X at 1 rev/45 minutes
— Using sun sensor and gyros only, move X axis by SPE angle amount
— Stop coning based on time of seeing first peak
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.........

 The DS1 HGA activity demonstrates the right combination of
people, process, and tools could enable new mission operation
concepts, which sometimes could mean a difference between
mission success and early project termination

o Reference

— "Achieving and Maintaining Deep Space 1 Spacecraft High-Gain Antenna
Pointing Control by Data Monitoring and Immediate Corrective
Commanding," TMO PR 42-144, October-December 2000, pp. 1-23,
February 15, 2001.
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* TCM-1 executed on 5/23/2001 for 20 minutes

* LMA telecom team used TFP tool to generate TCM-1 AGC predict

* Predict favorably matches actual in a 30 dB dynamic range during TCM-1

* Project decided to use TFP for subsequent TCM’s and MOI planning -

Odyssey TCM1 AGC Actuol / TFP Predicted using Real ck
—_—aTEEy W

CRUISE CONFIGURATION - NORMAL R

Rool Kernel vs ERT  DATA File J!

Q
B M348 A_RCVA_AGC vs ENT  DATA File §2

Sllll NOl‘lnal (YY—DDD/HH:MM) UTC
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Mars Odyssey MOI Support (10/23/2001)

Two month before MOI, the TFP was used to plan the MOI
maneuver

— The cone/clock swaths for the MOI burn that results from different roll
angles were plotted on a contour plot of the non-symmetric MGA pattern

— The most favorable roll angle was selected to maximize gain

During MOI, the actual AGC observed at DSS-14 matches
favorably with the predicts in a 30 dB dynamic range of MOI
(except for a brief 4 minutes outage), confirming in real-time that
the MOI was executed correctly

During the playback sequence, the spacecraft attitude data were
queried and fed back to TFP. This verified that the unexpected
loss of lock during MOI was due to the wide carrier bandwidth,
and not because the spacecraft attitude was different than
expected. This validation process was done in near real-time, and
took less than 10 minutes

06/25/2002 Multi-mission TFP/UTP Presentation K. Cheung - 15




InterPlanetary Network and Information Systems Directorate
DSMS Engineering Office

__JPL Mission Services & Applications Office

Enter Earth Occult
Burn Start +00:09:37 Enter Solar Eclipse

MOI Geometry

&———————— Periapsis -328 km

+ +00:12:51
<>
H +
Burn End
A +00:19:44
/ ’ ?
/ Exit Earth Occult
‘ //l' ( O
o
O
=5
06/25/2002 Multi-mission TFP/UTP Presentation

K. Cheung - 16




InterPlanetary Network and Information Systems Directorate
DSMS Engineering Office

Mission Services & Applications Office

MOI Roll Angle Choice to Optimize Link

racks in MGA Radiation Pattern
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Note: Each
track starts at
the right-most
point (MOl
Start) and
moves to the
left, ending at
Earth
Occultation. A
Roll Angle of 75
degrees was

K. Cheung - 17




s——— | = W

06/25/2002

InterPlanetary Network and Information Systems Directorate
DSMS Engineering Office

Mission Services & Applications Office

Downlink Carrier Power (Pc)

Odyssey MOI - MGA carrier only - Downlink AGC
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