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Segment Summary

Saturn 148 Legacy

* Rev 148 was a three day Saturn periapse segment in the first equatorial phase (EQ-1) of the
Solstice Mission.

* Saturn science included a VIMS/CIRS Saturn-stellar (OMICET) occultation, auroral
observations, a CIRS limb integration, and a VIMS north hemisphere map.

* Notable out-of-discipline activities included an ISS Enceladus plume observation and a VIMS
look at the rings at ring plane crossing, which required a special trade negotiation.

—The Saturn discipline traded Rings 6 hours from Saturn_148 (DOY 2011-132) in exchange for 6 hours
from Rings_ 247 (DOY 2016-305), in which a CIRS Mid-IR map was placed. This was the first time that
the XXM “New Discoveries” process was exercised.

* Since the RBOT (reaction wheel) friendly secondaries were very close to “NSP” they were
compatible with the science being conducted and were utilized throughout the segment except
where not safe in the first observation period due to ORS-solar viewing constraints.

* ORS solar geometry did impact the science planned just prior to periapse (see pg 8), but
constraint management could not be requested since the Sun was never blocked by the
planet. Targets other than Saturn-center were selected, including a look at the southern
aurora which was outside the ORS “keep-out” zone.

S. Boll Al Ww tquence | o 4 08/29/2017



Final Sequenced SPASS

Saturn 148 Legacy

Request Riders Start (SCET) Start (Epoch) Duration End (SCET) Primary Secondary Comments
Seguence S68, length = 69 days 2011-115T16:03 068T19:07:00 |2011-184T11:10:00
\—| SATURN_148 Segment 2011-130T10 002722:00:00 |2011-133T708:32:00
SP_148SA_WAYPTTURN130_PRIME M 2011-130T10:32:00 000T00:40:00 [2011-130T11:12:00 |ISS_NAC to 34.836/-2.977 NEG_X to NSP
A 0 0 00 000 0 0 0 00 0 34.836 S O P
% 48SA_AUR AREOO PR 0] 0] 00 000TO 8:00 0] 0] 40:00 0 Sa 0 P ollabora e Ride
VIMS_148SA_OMICETOCCO001_PRIME |C 2011-130T13:40:00 000T01:20:00 |2011-130T15:00:00 |CIRS_FPB to 34.836/-2.978 PIC Collaborative Rider(s): CIRS
o ISS_148EN_PLMMPMRO001_PIE cVv 2011-130T15:00:00 000T01:30:00 [2011-130T16:30:00 [ISS_NAC to Enceladus NEG_X to NSP SOST PIE
CIRS_148SA_LIMBINT001 PIE \ 2011-130T16:52:00 000T06:00:00 |2011-130T22:52:00 |CIRS FPB to Saturn NEG_X to NSP PIE
Periapse R = 5.888 Rs, lat ... 2011-130T20 54 000T00:00:01 |2011-130T20:43:55
SP_148EA_DLTURN130_PRIME 2011-130T22:52:00 000T00:40:00 [2011-130T723:32:00 [XBAND to Earth POS_X to NEP
A PO 0 0 00 000TO9 0:00 0 09 00 BA D to a PO o P
SP_148EA_G34HEFNON130_PRIME C 2011-130T23: 000T09:00:00 [2011-131T08:32:00 [XBAND to Earth POS_X to NEP POS_X to NEP, CAPS
SP_148SA_WAYPTTURN131_PRIME |2011-131T0: 000700:30:00 [2011-131T09:02:00 |ISS_NAC to Saturn (0.0,-30.0,0.0 deg. offset) NEG_X to 37.25/83.7 Part 1 of 2-part Turn
N SP_148SA_WAYPTTURN431_PRIME 2011-131T09: 000T00:10:00 [2011-131T09:12:00 [ISS_NAC to Saturn NEG_X to 37.25/83.7 part 2 of a 2-part Turn
A PO 0 0 00 00 0:00 0 09 00 A ] a O 8
Q ISS_148TI_M30R2CLD131_PRIME C Vv 2011-131T09:12:00 |E148_M30R2CLD131+000T00:00:00 000T01:30:00 |2011-131T10:42:00 |ISS_NAC to Titan NEG X to 37.25/83.7 No Preference to secondary pointing
(-6 =C|VIMS_148SA_NHEMMAP0O1_PRIME C 2011-131T10:42:00 000T12:10:00 |2011-131T22:52:00 [ISS_NAC to Saturn (0.0,0.0,-4.87 deg. offset) NEG X to 37.25/83.7
> 148EA_DLTURN131 PRIME 2011-1. 22:52:00 000T00:26:00 [2011-131T23:18:00 [XBA Earth EG X to Sun Part 1 of a 2-part Turn
O P_148EA_DLTURN431_PRIME 2011-1. 23 000T00:14:00 |2011- 23:32:00 [XBA rth POS_X to NEP Part 2 of a 2-part Turn
P_148EA_G34BWGOTP131_PRIME C, E N 2011-1. 23 000T09:00:00 |2011-132T708:32:00 |XBAI Earth POS_X to NEP POS_X to NEP, CAPS
SP_148SA_WAYPTTURN132_PRIME 2011-132TO: 000T00:40:00 |2011-132T09:12:00 |ISS_NAC to Saturn EG_Z to 37.2/83.7
A PO 0 09 00 00 00 8:00 0 0:00:00 A 0 a 0 8
m ISS_148TI_M30R3CLD132_PRIME c Vv 2011-132T09:12:00 |E148_M30R3CLD132+000T00:00:00 000T01:30:00 |2011-132T10:42:00 |ISS_NAC to Titan NEG_Z to 37.2/83.7 No Preference to secondary pointing
VIMS_148RI_RPX10PH001_PRIME €. T 2011-132T10:42:00 000T06:18:00 |2011-132T17:00:00 |ISS_NAC to Rings NEG_X to 37.2/83.7
Q 48SA_AUR AREOO PR 0] 00:00 000TO 00 0] 00 o0 Sa o} 8 ollabora e Ride
SP_148EA_DLTURN132_PRIME 2011-132T22:52:00 000T00:40:00 |2011-132T723:32:00 |XBAND to Earth POS_X to NEP
8 |[SP_148EA_G70METOTB132_PRIME Ic, N ]2011-132T23:32:00 ]000T09:00:00 [2011-133T08:32:00 [XBAND to Earth |POS_X to NEP |same as OTP pass, CAPS
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Final Sequenced SMT and Data Volume

Saturn 148 Legacy

DATA VOLUME SUMMARY --- TRANSFER FRAME OVERHEAD INCLUDED (80 BITS PER 8800-BIT FRAME)

\
\
\
\ P4 | P5 | RECORDED | PLAYBACK
I \ \ I I
| == | --=--—- | —mmm | == !
Start End | START SCI HK+E TOTAL CPACTY MRGN | OPNAV | SCI ENGR | TOTAL CPACTY MARGN NET MARGN CAROVR|
DOWNLINK PASS NAME doy hh:mm doy hh:mm| (Mb)  (Mb) (Mb) (Mb)  (Mb) (Mb) | (Mb) | (Mb) (Mb) | (Mo)  (Mb)  (Mb) (Mb) (%)  (Mb) |
_____________________________________________________________________________________________________________________________________________________ |
SP_148EA G34HEFNON130 PRIME 130 23:32 131 08:32 0 1726 55 1781 3322 1541 0 441 53 2275 1014 -1261 21 0% 1261
SP_148EA G34BWGOTP131 PRIME 131 23:32 132 08:32 1261 1372 63 2696 3322 626 0 232 53 2981 711 -2271 21 0% 2270 |
SP_148EA G70METOTB132 PRIME 132 23:32 133 08:32 2270 967 63 3301 3322 21 0 232 53 3586 4069 483 1017 6% 0
_____________________________________________________________________________________________________________________________________________________ |
DATA VOLUME REPORT --- TRANSFER FRAME OVERHEAD NOT INCLUDED
Start End CAPS CDA CIRS INMS ISs MAG MIMI RADAR RPWS UVIS VIMS PROBE ENGR TOTAL
Event doy hh:mm doy hh:mm (Mo)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mo)  (Mb)  (Mb)
OBSERVATION NOR 130 10:32 130 23:32 46.8 196.2 154.1 14.7 232.0 23.1 39.8 0.0 488.9 44.7 470.0 0.0 54.3 1764.7
SP_148EA G34HEFNON130 PRIME 130 23:32 131 08:32 32.4 135.8 86.4 3.2 0.0 16.0 27.5 0.0 130.8 4.9 0.0 0.0 0.0 437.1
DAILY TOTAL SCIENCE 130 10:32 131 08:32 79.2 332.0 240.5 18.0 232.0 39.1 67.3 0.0 619.7 49.6 470.0 0.0 54.3
OBSERVATION NOR 131 08:32 131 23:32 54.0 215.1 196.8 5.4 35.0 26.7 45.9 0.0 70.2 0.0 710.0 0.0 62.7 1421.8
SP_148EA G34BWGOTP131 PRIME 131 23:32 132 08:32 32.4  17.0 86.4 3.2 0.0 16.0 27.5 0.0 42.4 4.9 0.0 0.0 0.0 229.9
DAILY TOTAL SCIENCE 131 08:32 132 08:32 86.4 232.1 283.2 8.6 35.0 42.7 73.4 0.0 112.6 4.9 710.0 0.0 62.7
OBSERVATION NOR 132 08:32 132 23:32 54.0 28.3 196.8 15.5 179.0 26.7 45.9 0.0 70.7 106.3 235.0 0.0 62.7 1020.8
SP_148EA G70METOTB132 PRIME 132 23:32 133 08:32 32.4  17.0 86.4 3.2 0.0 16.0 27.5 0.0 42.4 4.9 0.0 0.0 0.0 229.9
DAILY TOTAL SCIENCE 132 08:32 133 08:32 86.4  45.3 283.2 18.7 179.0 42.7 73.4 0.0 113.2 111.2 235.0 0.0  62.7
—  s.Boll - g 6 08/29/2017  ——



Segment Geometry

Saturn 148 Legacy

a5l Windows Digit - Dave's Interactive Geometry and Information Tool v3.1

=]

Print  Save  About

Rev 145 INBOUND
130T20:43:5

43

2011 -
2011 MRY 10 20
2011 MAY 10 21:
Apoapse_ 148 +

Perispse 148 + 00:00:00
Light time: 73.3 min
5.89 Bs
5.89 Bs
-0.03 Rs
1 36.96 Rs
Eccentricity 0.841
Inclination 0.37 deg
Sun_range 9.62 Al
Earth_range 8.81 AU

deg

ie‘i a5 Windows Digit - Dave's Interactive Geometry and Information Tool v3.1
Rs 1 M
deg Print Save  About ‘ ’u t b 0 u n d
SEP 1.41¢ deg
CRE b/s angle §&2Z2.1 deg
Point | NEG_Y w| a [SATURN ~| andalign |POS_X - Up w| with |NsP w| ORS r=d =ngle 20.7 deg *
User Vactor - RA: A1) [t [ w  J[ TR [ zoomout ] 7] [] Labels
[ teh ][ Resst | [ Rght [_Fil Sereen ] [ [] Onsis
- v O Latons

Tum Analyzer: | SATURN ~| ta |EARTH -~ 7.8min /652 deg

s/c saT SUS__5/C  DLON
BODY oCcc? occ? Rs) LON LAT ideg) {km/s)

- - 355228 5.83 2949358 4.89 117.39 340 -0 14.0

- 323541 5.47 323344 5.48 87.5 1. = 15.8

- 150414  2.50 150160 z.49  86.5 3. -1 4.5

- - 215885 3.88 3.587 -5 5 a B.5

-- - 73038 12.15 z.14 4 1. -0 220

- - 668 €.87 & 3 -0 10.7

- - 12&7370 21.03 0. -2 4. -0 14.4

-— - 1783735 295.26 9. -4 a 58 17.2

- - 3387333 5.72 5. -0 a 1 1z.3

--  —- 14370781 238.45 8. -0 0. -23 13.1
SATURN - - 355228 5.83 2943358 4.89 117.3 15.5% 340.397 171 -0 o 14.0 1] 0.0 €5.2 S0

_ Saturn Range Phase Angle

Segment Start
Periapse

Segment End

8.10
5.89
24.95

Rev 148 OUTBOUND
2011 -
2011 MAY 11
2011 MAY 11 21:
Bpoapse__ 148 +
Perispse 148 +
Light time:

Orbit period:

Radius 73 B
Rad cyl 795622 km 13.20 Rs
Z_bt_cyl -1707 km -0.0% Rs
Mag L 13.20
3€.87 Rs

Earth_range B8.82 AU

- -- D/L - W/L ———————-
Goldstone -19.8 =-4§.4
Canberra -4s.8 -13.8
Madrid 47.6  35.7

LOOK DIRECTICON INFO
43.4 deg B862.9 mrad

E 172.185 deg
DEC 4.30§ deg
Crosses_RP_@ 0.000 Bs
Zps 3.837 deg
sEp 140_408 deg

ORS b/s angle 161.4 deg

Point |NEG_Y v| a |SATURN w| andalign |POS_X v| = [up ~| wih |nNSP v| ORS rad angle 80.4 deg *
User Vector - RA 0125 [ mL [ w | [(zoomout | [ Labes [#] Awes Year Hour
DEC 2453 i
[ =t [ Femt ] [[FiSoeen | [ [ Ois Vectars . T
Dow oV [ Latlons
169.6 0 Day Second
Tum Anshyzer: | SATURN v| to |EARTH v| about |Z v| on [AwA  [w] - 15.3min/1652deg
5/C  BRT ALTITUDE PHASE ANCLR_DIRMETER SUB__S/C DLON VREL Z_HGHT
117 9 0 BODY OCC? OCC? km) deg) mrad) LON LaT  (deg)
-— -— 795623 735355 lz.z0 B.89 151.64 153 -0 Q 8.8 o 85.2 174.1
-— 3615830 581724 15.8¢ 0.02 0.43 23 1 150 18.8 5073 163.3 188.8
-— -— 985280 223024 16.41 0.03 0.5z 3z3 -0 -13% 1.4 -3z 57.1 176.9
16-8 0 - - 991038 930502 16.43 0.0& 1.0% 3z0 -0 -124 20.1 -12z27 152.1 171.¢
-— -— 1153813 1153255 13.14 1z.3 0.08 0.98 18 -0 157 15 155 170.6 -9
-— 818387 815804 13.83 23.% 0.11 1.88 72 -0 73 4 -3292 153.5 36.0
-— Z0z34zB zDzE853 33.63 1ll.¢ 0.15 Z.54 & 1] 165 1z, 70z 171.7 1l64.8
-— -— 976098 975974 16.19 134.0 0.02 0.34 325 58 -34 9 10483 43.0 &7.3
-— -— 2895075 42.04 z@3543ze 48.02 115.2 0.03 0.5z 10 z 3s 5.6 -822707 &0.8 41.0
-— -- 13471000 223.52 13470888 223.52 158.4 0.00 0.0z 213 -24 -35 3.3 3418545 25.2 45.1
SATURN - - T9EE2Z3 13.20 735388 lz.z20 18.¢ B.69 151.84 153 -0 Q 8.8 o 0.0 165.2 174.1

S. Boll

AU

Lém

08/29/2017



Solar Geometry — ORS Boresight Concerns

Saturn 148 Legacy

Digit - Dave's Interactive Geometry and Information Tool v3.1

Rev 143 INEOUND

2011 - 130T11:30:30 SCET

2011 MAY 10 11:30:30 SCET

2011 IMAY 10 12:43:43 EET
Apoapse_ 148 + 011T08:24:28
Periapse_142 — 09:13:24

Light time: 73.3 min

Orbit period: 39.2 days

Radius 47228 km 7.76 Rs
Ead_cyl 467228 km 7.76 Bs
Z_ht_cyl 177 km 0.00 Bs
tag L 7.76

Semi_axs 2R24397 km 36.91 B=
Eccentricity 0.340

Inclination 0.37 deg
Sun_range 9.63 AU
Earth_range 8.81 aU

——— DN ELET —— D/L —— /L ————————
Goldstone -17.8 1Z.0
Canberra 53.3 Sl.8

tadrid -35.2 -51.2

LOOE DITERECTION INFO

* Pointing to NEG_Y to Saturn (center) would
lead to a CMT violation.

» < 15° ORS to Sun between ~2011-
130T08:43:42 and ~2011-130T13:47:32

» < 12° ORS to Sun between ~2011-
130T09:49:46 and ~2011-130T13:01:12

« Minimum NEG_Y to Sun angle is ~9.4° at
~2010-130T11:30:00.

FoT 35.8 deg E25.2 mrad
Ba 14.150 deg
DEC -5.814 deg
Crosses_RP_@ 0.000 Bs ; .
(o}
a5 370 deg » Saturn’s diameter ranges from 13.13° to
. eg
— — — — —, ORS b/s angle 9.4 deg * (o] (¢} ini
Point [ NEGLY % at [ SATURN +) andalign [POsXx 3] = [up 3] with [ NsP T met oo 906 oy * 16.33 (1478 at the mlnlmum).
User vector - RA: | -93.482 (e ) wp ) Tikr ) ("Zoom out ) # [ Labels [ Axes Year | 4 » | | 4 > | Hour
pec: | +5.914 (e )(Reset ) (“Right ) | (Fillscreen) [ () oOrbits (] Vectors | Month [« b | [« b | Minute * Pointing in the anti-Sun southern hem|sphere
( p Y ( p Y . r—\l ’d Q. a1 . - -
_Paste Current RA/DEC | ™ Image _ Down # Hi Res _ZoomIn ) [ FOvs # Lat/lons | Da',r| a4 p» | | a4 > | Second can help aVOId thls FR
Turn analyzer: | SATURN _¢' to | EARTH _¢' about | Z _¢' on | RWA _¢' = 2.7 min / 8.3 deg Event | 4 > |
5/ SAT EANGE __ ALTITULE FHASE  AWGLE_ITAMETER SUE_S/C ALON  TEEL Z_HSHT  _ AWSLE  FROML__
BODY 0007 0927 (km) (Es) (I (Es)  demy  (deg mrad) LON LAT (degl (kmis) (kmi  SATEN EARTH  RAI
SATUEN — - 4eTEI® .76 407580 6.76 1706 14,80 258.37 =R 0 o1z 0 0.0 8.3 162
MIHE —— - G482 10.63  &40ESS  10.62 1681 0.04 0.5 20 -1 156 Z6.5 —4555 6.7 12.7 B9
ENCELADUS  ——  —- 395994 6,57 395743 6.57  148.1  0.07 130 93 0 58 16.7 -3z 30,7 3.6 46.9
TETHY S — - z401z7 398 2E9EH4 3.98 1450 0.6 4.50 =40 = -6 0.8 -5z67 324 30.4 16.2
DIOKE —— - 843427 13.99  84B863 13.99 1702 0.08 1.34 30 174 217 -155 2.7 9.7 190
EHEA — - 170507 Z.8R 169743 z.82 793 0.5 .00 &30 19 8.7 704 1010 104.0 117.%
TIT&N —— - 553853 14.67 85128 14.62 46.3  0.33 5.83 14 -0 3 10.3 4805 134.5 137.1 150.7
HYFERION  —— —- 2030848 33.70 2030723 3369  170.3 0.0l 016 308 47 -177 16.4 382 2.3 7.6 139
IAFETUS —— - ITETIE 62.55  FPEEEl  62.54 1344 0.0 0.40 355 -0 -123  1Z.8  -§709B&  S52.1  S51.8 366
FHOEEE - —— 14T4685% 24137 14546739 241.37 1803 0,00 0,02 14 24 180 10,7 34998E% 3.7 23.1 382
SATUEN — - 4eTEI® .76 407580 6.76 1706  14.80 258.37 28R 0 o1z 0 0.0 8.3 162
S. BO“ cence P Lapming o 08/29/2017




Daily Science Highlights

Saturn 148 Legacy

DOY 130: UVIS kicked off the Saturn 148 segment in the middle of the day with a Northern Saturn auroral movie, on which the other ORS
instruments rode. CDA performed a ring plane crossing measurement, followed by a VIMS OmiCet stellar-Saturn occultation. ISS led a
joint ORS ‘PIE’ observation of Enceladus plumes. As the spacecraft moved though Periapse, CIRS performed a Saturn limb integration
‘PIE’ to obtain stratospheric thermal structure by means of limb sounding in the mid-IR. Meanwhile, the MAPS instruments conduct ed
measurements of the inner magnetosphere, the equatorial plane and the ring plane crossings.

DOY 131: Outbound from Periapse, Cassini turned its attention to Titan for an ORS cloud-monitoring request. Turning back to Saturn,
VIMS conducted a Northern Hemisphere mosaic as CIRS rode along. Meanwhile, the MAPS instruments conducted measurements of the
inner magnetosphere, the equatorial plane and the ring plane crossings.

DOY 132: Following another Titan Cloud Monitor, the VIMS instrument led an ORS ring-plane crossing observation near 10 degree phase.
The day wrapped up with another look at the Saturn aurora by UVIS and the other ORS instruments. Meanwhile, the MAPS instruments
conducted measurements of the inner magnetosphere, the equatorial plane and the ring plane crossings.

—  s.Boll cince, Dlamming s Segucnce Tesm 9 08/29/2017  ——



Saturn 148 Legacy

Segment Integration Planning

s. Boll encs. Plarning s Sagecnce Team 10 08/29/2017



Timeline Gaps and Suggested Observations

Saturn 148 Legacy

GAP 1 (VIMS REGMAP or UVIS AURSTARE) 2011-130T11:12:00 000T03:48:00 2011-130T15:00:00
WP Turn to SA Center?

GAP 2 (VIMS GLOMAP) 2011-131T10:42:00 000T12:10:00 2011-131T22:52:00

GAP 3 (Rings RPX?) 2011-132T710:42:00 000T12:10:00 2011-132T22:52:00

S. Boll MSM"—MMM—‘I% 1 08/29/2017 —



Initial SMT and Data Volume

Saturn 148 Legacy

Beginning of Integration:

No Initial SMT Report Available

s. Boll ience Plamming s Sequance Team 12 08/29/2017  ——



Waypoint Selection

Saturn 148 Legacy

RBOT FRIENDLY WAYPOINTS
PRIMARY : NEG_Y to SATURN

reminder: use an ra/dec average value and keep the same waypoint throughout your segment when possible

OBSERVATION PERIOD

START

SP_148NA_OBSERV130_NA

2011-130T10:32:00

SP_148NA_OBSERV131_NA

2011-131T708:32:00

SP_148NA_OBSERV132 NA

2011-132T08:32:00

END
2011-130T23:32:00

2011-131T23:32:00
2011-132T723:32:00

OTHER WAYPOINTS
PRIMARY : NEG_Y to SATURN

OBSERVATION PERIOD  [START [END

|POS_X_2_NSP [P0S_X_2_NEP [NEG_X_2_NSP |NEG_X_2_NEP[P0S_Z_2_NSP |POS_Z_2_NEP [NEG_Z_2_NSP [NEG_Z_2 NEP|[NEG_X_2_SUN [NEG_Z_2_EARTH |

SP_148NA_OBSERV130_NA |2011-130T10:32:00 |2011-130723:32:00

SP_148NA_OBSERV131_NA |2011-131T08:32:00 |2011-131723:32:00

SP_148NA_OBSERV132_NA |2011-132T08:32:00 |2011-132T23:32:00

S. Boll

13 08/29/2017  ——



Waypoints Chosen

Saturn 148 Legacy

Waypoint 1 (2011-130T11:12:00 — 2011-131T09:12:00): ISS_NAC to 34.836/-2.977 (OMICET); NEG_X to NSP

S. Boll Al Wu tquence | o 14 08/29/2017



Waypoints Chosen

Saturn 148 Legacy

Waypoint 3 (2011-132T09:12:00 - 2011-133T10:00:00): ISS_NAC to Saturn; NEG_Z to 37.2/83.7

S. Boll Al Wu tquence | o 15 08/29/2017



Notes & Liens

Saturn 148 Legacy

* Pointing:
* Collaborative prime/rider coordination designs
* VIMS_148SA_OMICETOCCO001 PRIME (2011-130T13:40) with CIRS
* Any Ybias window issues (approved deviations from guidelines)
* Y-bias window at 2011-130T23:32 overlaps front of 34M downlink.
* RBOT friendliness of delivery
* “RBOT friendly” secondary were used where safe.

* Data Volume:
* None
* DSN:
* None
* Opmodes:
* DFPW the whole segment (other than OTM periods)
* Special Activities:
* None, but they are all important! ;)
Sequence Liens:

* None

s. Boll encs. Plarning s Sagecnce Team 16 08/29/2017



