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Saturn 9 Legacy

Segment Overview and Final Products

— K. Cloutier dience Dbsring s Sequonce Team 3 07/25/2017 —



Segment Summary

Saturn 9 Legacy

* Saturn 9 is an outbound segment, beginning ~1.3 days after periapse.

* This rev was originally a Rings segment but a trade was made in exchange for time on
Revs 7, 8, & 10

* Segment end boundary was extended into the following Cross-Discipline segment to cover
the Hyperion campaign, on the condition that the campaign include time for the VIMS ring
occultation.

* In addition to the Hyperion campaign (Hyperion closest approach 2005-161T23:58), VIMS
observed the Omicron Ceti stellar occultation of the rings, and there were 2 OPNAVs
planned (Tethys (162T13:40) and Dione (162T14:10)).

— K. Cloutier dience Dbsring s Sequonce Team 4 07/25/2017 —



Final Sequenced SPASS

Saturn 9 Legacy

Request Riders |Start (SCET) Start (Epoch) Duration End (SCET) Primary Secondary Comments
SATURN rev § Segment 2005-160T17:21:00 002T0A:04:00 |2005-163T01:25:00
SF_D0SSA WAYPTTURNLGD PRIME R 2005-160T17:21:00 000T00:24:00 |2005-160T17:45:00 JISS_MNAC to Saturn POS_2Z to NSP
1S5_009HY_ROTCOLODL_PRIME Ll 2005-160T17:45:00 00OTOL:30:00 |2005-160T19:15:00 |1S5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan in the X direction at 8
(0.0,-50.0,0.0 deg. offset) microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperien.
VIMS 00954 REGAURMAPOO1 PRIME 2005-160T19:16:00 000TD4:20:00 |2005-160T23:36:00 IS5 MNAC to Saturn POS_Z to NSP
1S5_D0SHY _ROTCOLODZ_PRIME c,u 2005-160T23:40:00 000TOL:30:00 |2005-161T0L:10:00 |IS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
(0.0,-50.0,0.0 deg. offset) micrarad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
1S5 _009SA 1X2WPH120001 PRIME |V 2005-161T01:10:00 000TOO:50:00 |2005-161T02:00:00 |IS5_MNAC to Saturn MEG X to Sun
1S5_009SA_1X2WFPH120002_PRIME |V 2005-161T02:10:00 000TOO:50:00 |2005-161T03:00:00 |ISS_NAC to Saturn NEG_X to Sun
1S5 _009SA 1X2WFPH120003 PRIME |V 2005-161T03:10:00 000TOO:50:00 |2005-161T04:00:00 |IS5_MNAC to Saturn MEG X to Sun
1S5_00%HY_ROTCOLOO3_PRIME C, U, v |2005-161T04:00:00 000TOL:30:00 |2005-161T05:30:00 |ISS_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
(0.0,-50.0,0.0 deg. offset) micrarad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
1S5 _009SA 1X2WPH110001 PRIME |V 2005-161T05:30:00 000TOO:50:00 |2005-161T06:20:00 |ISS_MNAC to Saturn MEG X to Sun
1S5_009SA_1X2WPH110002 _PRIME |V 2005-161T06:30:00 000TOO:50:00 |2005-161TO7:20:00 |ISS_NAC to Saturn NEG_X to Sun
1S5 _009SA_1X2WPH110003 PRIME |V 2005-161T07:30:00 000TOO:50:00 |2005-161T08:20:00 |IS5_MNAC to Saturn MEG X to Sun
1S5_00%HY _ROTCOLOD4_PRIME C, U, Vv |2005-161T09:10:00 000TOL:20:00 |2005-161T10:30:00 |ISS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
(0.0,-40.0,0.0 deg. offset) micrarad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
SP_DOSEA_DLTURN161_PRIME 2005-161T10:30:00 000TOO:30:00 |2005-161T11:00:00 |XBAND to Earth POS_X to NEP
SF_DOSEA_ M7OMETNONLEL PRIME 2005-161T11:00:00 000T05:00:00 |2005-161T16:00:00 |XBAND to Earth 2_Hr_Roling
SF_DOSSA WAYPTTURN1G1 PRIME 2005-161T16:00:00 000TOO:30:00 |2005-161T16:30:00 |ISS_NAC to Saturn POS_2Z to NSP
1S5_00%HY _ROTCOLOODS_PRIME C, U, v |2005-161T16:30:00 000TOL:20:00 |2005-161T17:50:00 |ISS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
1S5_009SA_1X2WPH100001 PRIME |V 2005-161T17:50:00 000TOO:50:00 |2005-161T18:40:00 |ISS_NAC to Saturn NEG_X to Sun
1S5_009SA_1X2WPH100002 PRIME |V 2005-161T18:50:00 000TOO:50:00 |2005-161T19:40:00 |IS5_MNAC to Saturn MEG_X to Sun
1S5_00%HY _ROTCOLODG_PRIME C, U, Vv |2005-161T20:30:00 000TOL:10:00 |2005-161T21:40:00 |IS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
1S5_00%HY _ROTCOLOOD? _PRIME C, U, v |2005-161T23:45:00 000TOL:10:00 |2005-162T00:55:00 |ISS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
1S5 _00%HY _ROTCOLODE_PRIME C, U, v |2005-162T03:00:00 000TOL:10:00 |2005-162T04:10:00 |IS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
1S5_009SA_1X2WPH120004 PRIME |V 2005-162T04:10:00 000TOO:50:00 |2005-162T05:00:00 |IS5_MNAC to Saturn MEG_X to Sun
1S5 _00%HY _ROTCOLOOS_PRIME C, U, v |2005-162T06:15:00 000TOL:10:00 |2005-162T07:25:00 |IS5_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8
microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.
VIMS 009ST OMICETOCCO0L_PRIME 2005-162T07:25:00 000TO4:10:01 |2005-162T11:35:01  JVIMS [R to 34.836/-2.978 |POS_Z to NSP
1S5_00%HY _ROTCOLO10_PRIME C, U, v |2005-162T12:30:00 000TOL:10:00 |2005-162T13:40:00 |ISS_NAC to Hyperion POS_Z to NSP In the middie of the observing period, CIRS will scan In the X direction at 8

microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.

NAV_0095K_OPNAV621_PRIME

000T00:50:00

2005-162T15:04:00

ISS_NAC to Satellites

1S5 _00%HY _ROTCOLO11_PRIME C, U, v |2005-162T15:05:00 2005-162T15:55:00 |ISS_MNAC to Hyperien POS_Z to NSP At the end of the observing period, CIRS will scan in the X direction at 8
microrad/sec centered with NAC to Hyperion, followed by a 5 minute stare with
CIRS FP1 centered on Hyperion.

SP_D0SEA_DLTURN162Z PRIME 2005-162T15:55:00 000TDO:30:00 |2005-162T16:25:00 |XBAND to Earth POS_X to NEP

SF_DOSEA G34BWGNON162 PRIME |M, X 2005-162T16:25:00 000T09:00:00 |2005-163T01:25:00 |XBAND to Earth 5_Hr_Ralling Reduced to 5_Hr_Relling due to ENGR DSAT

K. Cloutier
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Final Sequenced SMT and Data Volume

Saturn 9 Legacy

DATA VOLUME SUMMARY ——— TRANSFER FRAME OVERHEAD IMCLUDED (88 BITS PER BEBBB-BIT FRAME)

|
|
|
| P4 | P5 | RECORDED | PLAYBACK |
| | | | |
| |——— |——— | |
Start End | START SCI HK+E TOTAL CPACTY MRGN | OPMAV | SCI  ENGR | TOTAL CPACTY MARGN NET_MARGN CARDVR|
DOWNLINK PASS NAME doy hh:mm doy hhimm| (Mb)  (Mb) (Mb) (Mb)  (Mb) (Mb) | (Mb) | (Mb) (Mb) | (Mb) (Mb) (Mb) (Mb) (%)  (Mb)
_____________________________________________________________________________________________________________________________________________________ |
SP_P@OEA_M7@METNON1G61_PRIME 161 11:00 161 16:80 474 1836 60 2360 3305 1825 ) 74 28 2473 2854 -418 152 1% 410 |
SP_P@OEA_GI4BWGNON162_PRIME 162 16:25 163 81:25 410 1487 B3 1009 3305 1405 27 346 53 2415 694 -1720 152 1% 1721 |
_____________________________________________________________________________________________________________________________________________________ |
DATA VOLUME REPORT --- TRANSFER FRAME OVERHEAD NOT INCLUDED
Start End CAPS  CDA CIRS INMS IS5  MAG MIMI RADAR RPWS UVIS VIMS PROBE ENGR TOTAL
Event doy hhimm doy hhimm {Mb)  (Mb)  {Mb)  {Mb) (Mb) {Mb] (Mb) (Mb)  {Mb) (Mb) [Mb} (Mb} (Mb)  (Mb)
DBSERVATIDN_NOR 160 17:21 161 11:80  63.5 26.2 B84.8 3.2 769.3 38.1 57.2  @.@ B3.2 105.7 G5B8.4  @.0 0.8 1B18.0
SP_P@OEA_M7@METNON1E1_PRIME 161 11:00 161 16:@¢  18.@ 2.7 @.8 @.9 0.8 18.8 16.2 @.@ 23.6 1.4 0.8 @.8 0.8 73.5
DAILY TOTAL SCIENCE 160 17:21 161 16:@@  B1.5 28.9 B4.8 4.1 769.3 48.9 73.4 8.8 106.8 187.1 G5BE.4 8.0
DBSERVATIDN_NOR 161 16:8@ 162 16:25 7.9 13.2 115.2 4.4 573.4 52.7 79.1 8.8 115.2 144.9 287.8 @.0 0.8 1473.8
0BSERVATION_OPN 161 16:00 162 16:25 2. 9.8 0.2 8.8 26.1 @.2 0.2 9.8 8.2 0.2 0.2 8.8 0.8 26.1
SP_P@OEA_G34BWGNON162_PRIME 162 16:25 163 #1:25 135.3 4.9  @.8 2.4  @.@ 19.4 42.4  @.@ 135.6 2.5 8.8 @.8 0.8 342.4
DAILY TOTAL SCIENCE 161 16:8@ 163 #1:25 223.2 1B.@ 115.2 6.8 573.4 72.2 121.5  @.@ 25@8.B 147.4 287.8  @.@
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Segment Geometry

Saturn 9 Legacy

Rev 009 QUTEOUND

2005 - 160T17
2005 JUN 09 17
2005 JUN 09 128
apoapse_ 009 +
Periapse_(03 +
Light time
Orbit pericd:
Radius 963
Rad oyl 961
2 ht_cyl 64
tag L

Semi_axs 1334
Eccentricity
Inclination
Sun_range
Earth_range
--- DSH ELEV —
Goldstons
Canberra
Hadrid

-———-—— LOOK DTRECTION IKFO ——

21:00 SCET
21:00 SCET
43:07 ERT

010T0S: 00: 0

0

Q01TO0E: 44:45

82.1 min
18.2 days
221 kn
074 ki
282 kn
16.05
583 kn
0.228
21.87 deg
9.08 AT
9.87 AT
— DAL -- WL
.8 7.0
-55.9 -73.0
38.3  66.5

15.92 Rs
15.95 R=s
1.07 B=

22.14 B=

FOT 17.9 deg 312.4 nrad
A 11.734 deg
DEC -3.435 deg
Crosses FP_@  0.000 Rs
EPS 3.820 deg
SEP 36.562 deg Kew UL UUTEUURD
; G s = n - s ~ Py OEE 6B cezie EB.S 3y 2005 - 163T0L:25: 00 SCET
Point | MEG_Y % at | SATURN v andalign | POS_Z < Up ~ with | NSP %! ORS rad angle 149.% deg 2005 JUN 12 01:25:00 SCET
2005 JUK 12 02;:47:17 EFT
User vector - RA: | +77.924 Tilt L Up Tilt R Zoom Out v abels [V Axes ‘f'ear‘ 4 r \ \ 4 r \ Hour Apoapse_ 009 + 012T17:04: 00
—_— Periapse_U09 + 003T14:48:45
DEC: +4,360 Left Reset Right Fill Sereen Orbits [#] Vectors Month ‘ a4 > ‘ ‘ < > ‘ Minute Light time: 22.3 min
Orbit peried: 18.2 days
Paste Current RA/DEC 7| Image Down 7| Hi Res Zoom In ¥| FOVs 4| Latflons ‘ ‘ < ‘ Second Radins 1807330 n 29 99 Bs
Fad_cyl 1800194 km 29.87 Fs
Turn analyzer: | SATURN % ta | EARTH ¢l abouwt | Z s RWA 8.3 min { 72.0 deg Evert [ 4 » | ZBt_oyl 160431 Im 258 ks
Hag L 30.23
540 SAT FANGE __ ALTITIDE PHASE  ANGLE_DIAMETER SUE_ 5/C ALON  VEEL Z_HGHT _ ANWGLE_  FROM___ :ZZ:;::OI:;MME :ge 2. 15 59
> oo -
BODY 06C? 0567 (km)  (Rs) (k) (R=)  (deg) (deg  wrad) LON LAT (deg) (km/s) (km)  SATRN EAFTH RN Tty F .69 (og
SATURN 963221 15.98 902979 14.98 111.7  7.17 12522 115 4 0 7.1 0 0.0 7.0 153.4 :““E;ange g'gg :ﬁ
MRS 841905  13.97 841705 13.97 103.7  0.03 043 126 3 44 8.0 2468 8.7 799 145.4 e DE?;‘E; i WL
ENCELADUS -- —— 782312 12,98 782058 12,98 1025 0.04 v 139 5 36 6.8 25 102 1.1 143.9 order Tae eme
TETHYS 1256516 20.85 1255976 2084 1124 0,05 0.8 T 2 -175 166 547 1.5 713 1548 oisone e e
DIOKE 604219 10.03 603655 10,02 120.3  0.11 1.87 =0z & -13 103 -118 3.6 634 158.5 enoerra
RHEA 1347083 22.35 1346317 2234 943  0.07 114 37 3 127 30 122 18.2 892 137.0 (e - niiﬁéﬁxoélzﬁgo
TITAN 2072875 94.39 2070300 34.35  126.5 0,14 Z.48 344 2z -149 125 —4763  17.1 57.2 167.0 — e e 165 7 wrad
HYFERION  —— —— 581775  9.65 581647 9.65 432 0.03 0.56 92 -17 12 5.6 8470 145.1 133.1 11.3 Hy 34'54593 SF s
IAFETUS - - ZoE70EE  49.23 2966321 49.22  120.3 0.3 0.50 |4 0 -3 2.1 -443036  127.6  S6.0 7.5 e
FHOEEE - —— 14330606 238.78 14390496 238.78 108.7  0.00 0.02 114 -18 -180 6.2  £3985% 6.9 745 156.5 LS =0.E93 doy
Crasses RF_@  0.000 Rs
T EES 3.645 deg
SKTURN 9632zl 15.98 902979 14.98 1117 7,17 125.22 115 4 0 7.1 0 0.0 720 153.4 s o o)
] = ) OBS b/s angle 92.3 deg
Peint | NEG_Y <) at | SATURN <) and align | POS_X v Up <) with | NSP T ORS rad angle 111.3 deg
User vector - RA: | +77.924 Tilt L Up TiltR Zoom Out | ¥ abels [¥] Axes Year [« »| [ 4 » | Hour
DEG: +4,360 Laft Res Right Fill Screen Orbits [+ Vectars Month | 4 » ‘ ‘ a4 > ‘ Minute
Saturn Range Phase Angle Paste Current RA/DEC ¥ Image Down ¥ Hi Res Zoom In +| FOVs | Lat/lons Day | a4 p ‘ ‘ a4 > ‘ Second
Turn analyzer SATURN to | EARTH <) about Z < RWA 10.1 min [ 95.8 deg Event ‘ a4 » ‘
Segl nent Sta rt 16. 12 11 13 4 sic SAT FANGE __ ALTITUIE PHASE  ANGLR_ITAMETER SUE_S/C  ALON  TEEL Z_HBHT  __ AWGLE__ FROM___
BODY 00C? O0C?  (km)  (Rs) (han) (R=)  (deq) (deg wrad) IO LAT  (deg) (kmis) (km)  SATRN EAFTE  RaH
S tE d 29.99 87.6 5 SATURR - - 1307330 23,99 1747107  28.99  §7.6  3.82 €671 187 -5 0 3.7 ] 0.0 353 1380
eg| nen n 5 . - 1THAS —- - 1358306 30.84 1358608  30.8¢  93.0  0.01 0,22 23 -6 -103  17.4 -1893 5.7 905 143.3
ENCELADUS —- -- 2035835 33,80 2036580  33.79  86.1 0.0 0,25 19 -5 163 14.1 41 2.0 974 136.0
TETEYS - 1978192  32.82 1977658  32.81  S1.0  0.03 0.55 S -5 122 10.5 s588 7.3 1024 130.%
DTONE 1684512 27.62 1663951  27.61 6.7 0.04 0,63 107 -6 &2 6.6 -13F 115 1067 127.0
RHER —— = 1421213 23,58 1420443 23.57  99.0 0.0 108 232 -7 a7 3.4 —452z  12.3 845 150.6
TITAN - 3007361 49,90 3004786 49.86  87.5  0.10 1,71 36 -3 178 8.2 2487 2.2 958 136.6
- HIPERION S04 8.3%  S0SAL2 2,38 1031 0.04 0,65 47 -2 5.4 -11036  25.2  S0.5 161.7
N Ote " Perl a Se " 2005_ 159 I 09 " 59 IAFETUS 2162740 35.89 2161992 35.87 139.6  0.04 0,63 344 -2 -28 4.5 -593095 1315 371 E9.2
. . . PHOEEE - - 15050458 24973 15050345 24972  107.4  0.00 0,02 129 -13  -156 2.3 ee2212  21.2 V5.6 156.7
SATURR —  —— 1307330 23.9% 1747107  28.3%  §7.6  3.82 €671 187 -5 0 3.7 ] 0.0 353 1380

&= Seg Start (Left) 2005-160T17:21

Seg End (below) 2005-163T01:25
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Solar Geometry — ORS Boresight Concerns

Saturn 9 Legacy

No ORS Boresight Solar Constraints on Science Pointing Noted.
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Daily Science Highlights

Saturn 9 Legacy

The Optical Remote Sensing (ORS) instruments performed joint observations of Hyperion - including thermal
measurements, rotation studies and color determination - and of the Omicron Ceti stellar occultation of the rings.
The Magnetospheric and Plasma Science (MAPS) instruments simultaneously performed low-rate
magnetospheric surveys. Individual observations included a Visual and Infrared Mapping Spectrometer (VIMS)
regional aurora map, and Cosmic Dust Analyzer (CDA) particle flux detection during a ring plane crossing on
June 10. Optical Navigation observations were also performed.

— K. Cloutier
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Saturn 9 Legacy

Segment Integration Planning
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Timeline Gaps and Suggested Observations

Saturn 9 Legacy

Suggested observations consisted mainly of Hyperion observations, interspersed with ISS Saturn
Photometry observations. OPNAVs were also discussed as well as a VIMS Omi Ceti occultation

Observation Start Time Dur End Time Data Vol (Mb)
QRS Hyperion 160T18:00 1:10 160T19:10

ORS Hyperion 160T23:00 1:10 161T00:10

IS5 Saturn Photom 16170110 0:50 161T02:00

|55 Saturn Photom 161T02:10 0:30 161T03:00

IS5 Saturn Photom 161T03:10 0:50 161T04:00

ORS Hyperion 161T04:00 1:10 161T0S:10

|55 Saturn Photom 161T05:10 0:50 161T06:00

|55 Saturn Fhotom 16170610 0:50 161TO7:00

|55 Saturn Photom 16170710 0:50 161T08:00

QRS Hyperion 161T09:10 1:10 161T10:20

Turn to Earth 161T10:30 0;30 161T11:00

Madrid Pass for Nav 161T11:00 5:00 161T16:00 ~486 Mb capability
Turn to waypoint 161T16:00 0;30 181T16:30

QRS Hyperion 161T16:30 1:10 161T17:40

ORS Hyperion 161T20:30 1:10 161T21:40

RS Hyperion 161T23:45 10 162T00:55

Hypericn cla 162T23:58 0:00 162T23:58

ORS Hyperion 162T03:00 1:10 162T04:10

RS Hyperion 162T06:55 0:50 162TO7:45

VIMS Omi Cet Occultation 16270745 4:43 162T12:28

ORS Hyperion 162T12:30 10 162T13:40

OPNAV Window 162T13:40 25 162T15:05

RS Hyperion 162T15:05 0:50 162T15:55

Turn to Earth 162T15:55 0:30 162T16:25

Downlink & CIRS Cal 162T16:25 9:00 163T01:25 ~3400 Mb capability

— K. Cloutier
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Initial SMT and Data Volume

Saturn 9 Legacy

Beginning of Integration:

No Initial SMT Report Available.

— K. Cloutier
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Waypoint Selection

Saturn 9 Legacy

Waypoint options considered:
NAC to Saturn, NEG_Z to NEP (160T17:45-161T20:10)

7
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Waypoints Chosen

Saturn 9 Legacy

Waypoint NAC to Saturn, POS_Z to NSP used throughout the entire segment
(2005-160T17:21-163T01:25)
(defined prior to start of segment)

View of SATURN from CASSINI
2005 JUN 10 06:00:00 UT(

1° field of view

SATURN

— K. Cloutier dience Dbsring s Sequonce Team 14 07/25/2017 —



Notes

Saturn 9 Legacy

Rev 9 Saturn Segment Open Issues
* Pointing Issues (as Of 12,03]01)

—  Waypaint
2005-160T17:45 to 2005-161T20:10: NAC to Satum, -Z to NEP
2005-181T20:10 to 2005-163T01:55: NAC to Saturn, +Z to NEP

There is a disagreement in the TWT as to whether or not the 180° flip at 161T20:10 is really necessary or not; it will be
bookkept for now, but deleted later if deemed unnecessary

— Mo moveable blocks
— Mo epoch-relative prime observations
* Data Volume Issues
— 95 Mb of excess margin still available to use

— 2 OpNavs requested (Tethys at 162T13:40, Dione at 162T714:10); X-D needs to accommaodate playing these back a 2nd
time

— Mo high value science requested; any OpMav or high-value science coming from Rings TWT?
— Mo Support Imaging requests

* CIMS Issues
— 5P turns and downlink rate info are not currently represented in CIMS
— 8 redundant UVIS Survey riders at 2005-162T16:25; is this intentional?
* Power Issues

— Mone

* Flight Rule / Mission Plan Guidelines and Constraint Issues

— Maone

Other Issues

— MNone

— K Cloutler E#.I q‘ . PW“(:‘] ™ ‘Tm 15 07/25/2017 —



