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INTRODUCTION

For the first time at JPL, the Cassini mission to Saturn is using
distributed science operations for developing their experiments.

eRemote scientists needed the ability to:
—ldentify observation opportunities
—Create accurate, detailed designs for their observations
—Verify that their designs meet their objectives
—Check their observations against project flight rules and constraints

—Communicate their observations to other scientists

—Many existing tools provide one or more of these functions, but

Science Opportunity Analyzer (SOA) has been built to unify these
tasks into a single application.
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SOA’s CHARACTERISTICS

e Accurate: Utilizes JPL Navigation and Ancillary Information Facility
(NAIF) SPICE* software toolkit

— Provides high fidelity modeling
— Facilitates rapid adaptation to other flight projects
e Portable: Available in Unix, Windows and Linux

e Adaptable: Designed to be a multi-mission tool so it can be readily
adapted to other flight projects

Implemented in Java, Java 3D and other innovative technologies

*SPICE = Spacecraft, Planetary, Instrument, Constant, Events
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SOA FUNCTIONS

Opportunity] L. e
Sanich Visualizatio

v
Data Constraint
Output Checking
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6 Simple Steps

1. Start SOA and run the Configuration File. The Configuration File contains the
spacecraft trajectory information as well as other data to run SOA.
2 Select the Opportunity Search tab. Select an opportunity search option from

the 34 available. Fill in the search parameters. Save the search and then run
it.

3. Select one of the returned search result windows and view it in either 2-D or
3-D displays by pressing the View button.
4, Select the Observation Design tab. Select to create a new observation.

Create the observation using one of the five observation types (scoping,
mosaic, continuous scan, track-a-target, or roll-about-an-axis). Fill in the
parameters and save it.

5. Press the constraint-checking button. Correct any constraint violations and
then view the observation. If the observation meets the users criteria, then
save the observation for later retrieval or for sharing with others.

6. Finally, select the Data Output tab and select any of the data items that are
desired and the type of data required (opportunity search, trajectory related
or observation related). Select the type of output — graph or tabular data.
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eConfiguration

—Flight project adaptation is created by loading a project-specific configuration
file, SPICE kernels and models.

18-5_cas.bsp

ey Contr | : BegnTime |
JUFITER BARYCENTER 1999 SEP 28115855818 2 811: Eil]
CASSINI 'SATURN BARYCENTER 2002 SEP 2811 58:55818 2008 JUN 30 2358:55. 816

Ji'soa version 5.0 = B — o

1t set spacecraft name
spacecrafiName = "CASSINF; 1
Canfigh: Spacacrat fiName

if set systemname
systemiName = "SATURN',
ConfigPanel.setDefaultSystem (sy stemilame),

i set begin and end time
beginTirne = “2004 JAN 01 12:00:00.000%,
endTime ="2008 JUN 30 12:00:00.000",
plofTime = "2008 JUN 08 12:00:00.0007;

i set infout fle paths

1 The user can specify default input and outpul directories by supplying
1 the appropriate paths to directories which exigt on their system

11 If not specified, the program will default to the _soa directory which

1| #itereates on the users system.

MileCutPath = "lprojsoaforTestingfestScripts”,

H1Soa setFileOutputPath (fleQutPath),

fileinPath = Soa soaHome + “/soalusersicassini, F=

Copyright® 2000.04, Caiffornia Institute of Technology. ALL RIGHTS RESERVED. US Sponsorship = B
Kemel Jp| 5. oT

IKamal fMnrDistributiony s qT1A-5 _cashsnlnaded =]
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*Opportunity Search

—Find windows of opportunity for an observation based on 34 specific
geometric criteria.
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*Visualization
—Provides accurate representation of the solar system in multiple ways:
3-D Arb|trary Observer and 3-D Perspective PrOJectlon

e  SOA (V5.0 Mon Sep 20 13:37:36 PDT 2004) _ Viewer created on Fri Oct 01 14:00:30 PDT 2004

e
IF‘B ViewOptions. Print mm Frame: J2000 Rotation Method: Etsler 7.3, Y=16.24, 7=76.98

bh.D EnceladusFiyby 5

Angular Semi-Diameter 19 27659206 deg
Dust RAM Head: 163.17406407 / 4 32328027 deg | ‘30
iDust RAM Tail 343 17406407 /-4.32328027 deg
Dust Velocity Magnitude: 627031378 kmis

IMagnenc Field Magnitude: 338 18060288 nT

M agnetic Field Veclor Head: 35.80632499/ 81 74373
b agnetic Field Vector Tall. 21589632499 /81 74373
Phase Angle: 42.52091685 deg

iPlasma RAM Head: 27740499441/ 377139973 deg
ioasma RAM Tail: 37 40493441 /-3 77138973 geg

P |asma Velocity Magnitude: 23.33135801 kimvs

|3/C Altitude 49997781966 km

IS/C Distance to Sun Center 1 35609446406002E9 k)
ISIC Distanca to Target Center 74909513 km

ISIC RAM Head: 342.94050212/-4.26740774 deg
ISIC RAM Tail: 162.84050212 1 4.26T40774 deg

1SIC Veloclty Magnitude: 6.28147319 ken's.

ISolar Incidence Angle 42.52091685 deg

ISub Reflection LatiLon -28.40523765/ 288.5140778€
[Sub B/C LatiLon -29 2084396 1 308.87832351 deg
iSub Solar LatLon -21 83143155 / 750 20777968 deg I ———
Target Angular Rate: 0.00838531 radis

Target RA/Dec 709857577 1 24 47347417 deg
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*Visualization
—Provides accurate representation of the solar system in multiple ways:
2-D Equidistant Projection Skymap and 2-D Trajectory Plot

= SOA (V5.0 Mon Sep 20 13:37:36 PDT 2004) _ Viewer created on Frl Oct 01 14:00:30 PDT 2004
i View Pt Frame: 2000 Rotation Method Not Avalable Fuber Angles)N=347.3, Y=16.24, 7-76.98
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[Angutar Sem-Diamater 13.17653208 089 [6:50R 20 Randering - Shy Mag
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Ammation Time Window

Start: (2005 MAR 09 03 78 41 820
Enck 2005 WAR 08 092847 820

umu—ﬂ_on

November 8, 2004 2004 Core Technologies for
Space Systems




Multi Mission Operations Office

__JPL__

-Observation Design

—High level “Scoping” design tool for “what if” studies
—Create nxm mosalc scan mosaic, roll- about -an- axns or track-a-target

i Observation Design Request Builder ]
Flie Print

|

- ’ Actwities
@ Absolute Pointing

Initial Attitude

Track

Turn and Track
§ Continuous Scan

Continuous Scan
@ Roll Scan
| Roll Scan

E @ Scoping

‘

§ Start Stop Mosaic
|

Start Stop Mosalc
9 Unmodaled
13 Nota
| Unmodeled

¥ ;1: ! ; I ___

[r._mm-J] mu»][mH wite 10 st Hluu]uau;

B 1 e PR T T
Request Index - Number of the nmw (step) -vii’nn e request.
Scheduled Time Cption FRUM REWUESE DIAKL W FROM _R FROM _REQUES.. Timing relationship of the current aclivity with...
000000

Scheduled Time Offsetl 100:00:00 Duration relative to time specified by Schedul...

Scheduled Tirme 2008 JUN.. ‘Absolute lime calculated using Schedule Tim
\Activity Star Time 2008 JUN.. "Time spacecraff starts to acquire target

[Activity End Time | 2008 JUN Time of final valid orientation

Activity Duration 04 00:00:00 Total time calculated from parameters !

Primary Obsarver v;slcxlms BIC X Axls,SIC -X_ Vector pointed af Primary Targel + Offsets

Primary Target TURN.. Tracking Reference Foint

Secondary Observer _w|sic ZAils S/C ¥ Axls,SIC X Used fo specify spacecratt orientation around
Secondary Targel ‘Used to speciy spacecraft orlentafion around
(Target Offsets Angular offset from Primary Targef in spacecr

Frauuanw of calcuhunns

el e
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*Constraint Checking
—Check observations against specific geometric constraints

" Gpporunity Search | Observation Design | Fignt Rules | Data Output | Communicaions
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| S velocty Magnon 8 1993743 kems
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rargel Argutat Rt 7 0864 s g

b gt Fec 83 48400087 141103081 dog _ B _WAC 85C Distance io Boresghl (s st 1974
Distance i Sun Canter 1 150021084 07 SE9.
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eData Output

—Obtain ancillary data related to an opportunity search, a trajectory or an
observation as either a text file or plots
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eCommunications
—Reads/writes spacecraft attitude files (SPICE* C-kernels), a universally

accepted method for specifying attitude information

_ SDA (V4.1 Tue Feb 17 06:51.07 PST 2004)  Viewer created on Wed Apr 14 15:36:24PDT 2004 | |
Flile ViewO Print Frame: J2000 : Euler 53,0, ¥=0.0,2=0.0
Obs. 1D rnMStanRun] | View | Yime 20050CT 2723343007 | w ] * e ~ Referonce Object | SATURN

lasma naﬂ 1374 eg -l r

JPlasma RAM Tall: 355.36320813 /-4 57093004 dog | | Lk
bF1asma Veloctly Magnitude: 206.86587188 kmis }
lQuatemion: 0.36303606  0.25066259 /0 13065743 /¢ |
S5_WAC SIC Distance to Boresight Intercept No data | |
S/C Distance to Target Center 1298011 67499 km
ISIC RAM Head' 236 39252978 / 594181148 deg
ISIC RAM Tail 56 38252974 /-5 3411148 deg j
IS/C Tum Accelerations 0.22634297 10 42185884 /0.7

fS/C Tumn Rates: 226 34278402 1 421 85871129/ 767 3
[S/C Velocity Magnitude. 5.4566472 kmis.
SS_WAC Solar Incidence Angle:No data 1
fSub Reflection LatlLon -8.70921362 1 342 12335921 o
Sub 8IC LatLon -0.29188203/ 207736206 deg |4 |
fSub Solar LatiLon: -16.41433434 1 3197532280 deg
(Target Angular Rate 2 14E-6 radis

ITarget RA/Dec 87.00291007 /-4 10898838 deg

.
1| e

- o
=

@ [ CASSMI
¥ CASSINI Label
CASSINI Drawing

Y Cesamnvens 0 essmaiugs o emsmmeniiue

ks e il

__il CASSIMIAxes
J‘—g_ﬁ*:
Animation Time Yandow

Start: (2005 OCT 272334:30267
Enerznusucr:mm 0507 413

(=

hmmlsn'
J“rmw i[“l\mun}kmmcmi meh;

*SPICE = Spacecraft , Planet, Instrument, Constants, Events
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CASSINI

3-D Arbitrary
Observer view of
the Saturn
system showing
the Cassini
trajectory in
green and the
satellite orbits in
blue.

November 8, 2004

SOA(VI2 Mon Jul 7 10:40:25 PDT 2003)  Viewe: cieated on Wad Aug 13 22:43:42 PDT 2003

Frame: J2000 Rotation Method: Cumulative K=0.0, Y=0.0, 2=0.0

Flie ViewOptions Primt
Obs. 1D [EnceladusFiyby 5

Time 2005 MAR 09 09:29:46.000 Vi Referance Obj L -

langular Semi-Diameter. 14.754809 deg

jOust RAM Head: 163.625057 / 3.936231 deg

[Dust RAM Tail 343 625057 /-3.936231 deg

Dust Velocity Magnitude: 6.291773 kmis

Magnetic Field Magnitude: 346 825115 nT

M agnetic Field Vector Head: 36.011355/81 73464
Magnetic Field Vector Tail: 216.011355/-81.73464
|Phase Angle: 80.659852 deg

Plasma RAM Head: 277 706984 / 3 629603 deg
Plasma RAM Tail: 97.706984 /-3.629603 deg
Plasma Velocity Magnitude: 22 829435 kmis
S/C Altitude: 178375.42048 km

IS/C Dist. to Body Center: 236643.40865 km
1S/C RAM Head: 307 435714 /0.209164 deg
IS/C RAM Tail: 127 435714 /-0.208164 deg

SIC Velocity Magnitude: 17.161104 lanis

Solar Incidence Angle. 80 659852 deg

9 ¥ SATURN

¥/ SATURN Texture Map
SATURN Label
SATURN LatlLon Grid
@y SATURN System Labels
©jv| SATURN System
@ vl SATURN Intercepts
@[yl SATURN System Orbits
@y SATURN Rings
SATURN Body Fixed Axes
SATURN Equatorial Axes
SATURN Ecliptic Axes
o2 Pkcarv

e[y Spacecraft

= ®I

Zoonm

Aninwation Time Window

Stap inferval (saconds):

Animation Comrol
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CASSINI

3-D Perspective
Projection view of an
Ultra-Violet Imaging
Spectrometer (UVIS)
observation of
Saturn’s rings in the
shadow cast by
Saturn. The blue
UVIS field of view is
close to the edge of
the shadow.

November 8, 2004

T LRt ey _ .
< SOA (V4.1 Mon Feb 2 07:48:53 PST 2004)  Viewer created on Fri Feb 27 10:16:16 MST 2004
Fle View Options Print - e R s e g
Obs. 1D SOI

UVIS_HSP Phase Angla:103.9935586! &
Plasma RAM Head: 87 7820812/ -4.68 |

Plasma RAM Tail: 267 7820912/ 4.68¢

Flasma Velacity Magnituds: 317 16738
Quaternion: 0.72075395/-0.09895153 |
UVIS_HSP SIC Distance to Boresight 1| |
S/C Distance to Target Center: 202391, |
SIC RAM Head: 11.03737662/11.4731
SiC RAM Tail 181.03737562/-11 473
ISIC Tum Accelerations: 0.0/0.0/0.0
S/C Tum Rates: 0.03204243 /0.0547
SIC Velocity Magnitude: 540603347 k)
UVIS_HSP Solar Incidence Angle:
Sub Reflection LatLon: -28.84206351 |38
Sub S/C LatLon: -13 3536940211217
Sub Solar LatLon -20 31029532/ 258 ¢
[Target Angular Rate. .0E-7 radls 2
[Target RA/Dec: 357 76217756/ 11 A??’-_j
-

Start: 2004 JUL 04 003100000

End:|2004-186T02:31

| AnimationComtrol : S I PR Se DR
Ve 7 BTl ResotView || Reloase ActvityControl | Footprint Data

<l

Y

§ ceessEslpvse

E'!sseaa

|| - - N
| "s88ggg2ENEEE

¥3EEE |

N
=
=
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DAWN

3-D Arbitrary
Observer view and
3-D Perspective
Projection of Vesta
as viewed from the
Dawn spacecraft.
The start stop
mosaic observation
shows the camera
field of view

November 8, 2004

Euler Angles:X=0.0,Y=0.0,Z-0.0

File ViewOptions Print
Ous, 10 VestaStanStop

| View | Time

= _J it

2011 JUN 08 12:00:00.000 | = Ay + | Observert

A ¥ | Reference Ob) STA -

Accelerations 1.86E-4 /7.0E-6/ 5.5E-5 mrad/sfs
iAngular Semi-Diameter: 16.511498 deg

ICCD Boresight LablLon-41,28127 / 186.066217 deg
ICCD Boresight Ra/Dec:287.355118 1 16.727576 deg
IDust RAM Head: 1.814869/-41.717533 deg

IDust RAM Tail: 181.814863/41.717533 deg

IDust Velocity Magnitude: 199028946 kmis

IEmission Angle: 11 813244 deg

M agnetic Field Magnitude: 3.9371866921145845E12 nT
M agnetic Field Vector Head: 337 144266/ 45 516525 deg
M agnetic Field Vector Tall 157144268 /-45516525 deg
ICCD Phase Angle 40.354563 deg

IPlasma RAM Head 15893738/ -7 36964 deg

IPlasma RAM Tail 195893738/ 7.36964 deg

IPlasrma Velocity Magnitude: 0227642 ks

jQuatemion: 0.80244 /0.569565 /0.178001 / 0.0 unifVector
iRates 0.0/00/0.0 mrad/s

SIC Didl to Body Center: 957.04298 km

ICCD SIC Dist to Boresight Intercept 704 46667 km
ISIC RAM Head: 23334637 /-61.111576 deg

ISIC RAM Tail: 5334637 /61.111576 deg

ISIC Velocity Magnitude: 0.145363 kmis
ICCD Solar Incidence Angle:47.141248 deg

riial
@y Celestial Sphere
© Solar System
@ ¥ Spacecraft

@ ¥ DAWN
DAWWN Label
DAWN Drawing
DAWN Axes
@ ¥l DAWN Instruments
ccD
GRNS
[ LABALT
MAPSPEC

K

Enck {2011 JUN 0B 123335314

Stap interval [saconds,

Animation Conti ol

[san

[ Resetview || Reisase Actvity Contol

|1vapmm ]
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C AS S I N I SOA (V3.2 Mon Jul 7 1048 25 PDT 2003) Vhﬂlyimd on Wad Aug Iaﬂ_ﬂn PDT 2003

2-D Sky Map view rﬂ"i, i

with the CAPS ELS Fizie 2]

FOV displayed et |

: e || swmacycowot | [ promnions |

,}m g
2-D Trajectory view of the X-Z plane,

o with Cassini spacecraft trajectory (green)
and satellite trajectories (blue) shown.

Time tick marks help the user identify
e times of interest for an observation.
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Data Output
CASSINI

The Graphing/ Plotting Tool shows x/y data in a stacked graph. This figure is an
example of Saturn’s magnetic field x,y,z components and the Cassini spacecraft
distance to Saturn.

Ll L bl T
Print
1: SOA 20 Graph/Plot-S - - - PEE— = = =
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Two Data Output plots show the Dawn spacecraft altitude and the spacecraft
distance to the center of Vesta for two different trajectories. Mission planners
can use these types of comparisons to evaluate candidate trajectories.
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Actual Cassini Observation of Saturn’s Rings

Courtesy of NASA/JPL/University of Colorado
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CONCLUSION

« SOA is easy to use. It only requires 6 simple steps.

« SOA’s ability to show the same accurate information in multiple
ways (multiple visualization formats, data plots, listings and file
output) is essential to meet the needs of a diverse, distributed
science operations environment.
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