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This is NOT just a nice faked picture of Venus
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How is this image taken!?
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@esa VISUALOPS

How is this image taken!?

The Science Operations Planning process

LTP
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How is this image taken!?

VISUALORPS Gwes
4:,49‘

The Science Operations Planning process
LTP -STP |
Scientific goals _ :
. i Polishing detail
(Mission definition) (o:elf/v:;i bee:‘i:rs;)
Pl and SWT request for ‘ MOC (ESOC) sends Flight

Venus Express Science
Operations Team (ESAC)

science & experiments - Dynamics commands toVEX

VMC SOP choses nadir pointing
with power-optimized attitude at

| Ihours BP in orbit 1580 and
convinces his colleagues,
elaborates PTR file



VISUALOARPS

ISTHIS THE BEST IMAGE TO TAKE!?

® The geometry of the observations is of key
Importance

o Observatlons are characterlzed by
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@ eSd . VISUALOPS
ISTHIS THE BEST IMAGETO T,

SCIOPS teams do not always have access to a cheap,
feasible and quick visualization tool that would
improve and optimize the decision making on
planning and the posterior data analysis.

MAPPS main tool used for planning:
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@esa VISUALORS
ISTHISTHE BEST IMAGETO T,

The goal of the project was to develop in six months
a tool which would easily and quickly provide a

tridimensional representation of a VEX VMC
observatlon in order to be able to |mprove the
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&esa

ization Tool for Planetary Science

erations Planning

"% VisualOPS - Visualization Tool for Planetary Science Operations - Yenus Express YMC Instrument Application

j j ;| j j j ﬂ ﬂ ﬂ g ﬂ g UTC Time [2011-03.30701:40:00  Pesicenter Time|1804T 01

EQ 2

el RESET | CLOSE

Observalion | Themal Profiles

New Pointing
Time (UTC or Pencenter) 18047-01:55 41

X axiz angular offset [deg] 9.8550791
Y axis angular offset [deg] 21190541
Surface Pork Latitude [deg)
Surface Port Latitude [deg)

Pointing N adir
Attitude Power Optimized
Instrument YMC UY
COMPUTE SELECTION
COMPUTE NADIR
COMPUTE TRACK
Ponting Parameters

Sub-Observer Port Latitude [deg) 53753898
Sub-Obsesver Pairt Longitude [deq) 92 823151
Local Time & Sub-Observer Point 11:27:55
-Z Panel luminztion Angle [deg) 34051831
Target Phaze Angle [deg] 55936878
Local Solar Elevation [deq) 34.062093
Observer Aitude [km) 25654.821

Picked Parametess

-Z Panel llumination Angle [deg] 31.408023
Target phase angle [deg)
Local Solar elevation [deg|

Distance to target [km]

Orbital Elements

Oibital period [hkv mmess)
Pencenter distance [km]
Semimapoe axis [km]
Eccertncity [-]
Incination [deg|

Argument of Pericenter [deg]

=E=1 ]|

2358:45
6200.4448
39434 096
0.84022850
89.961484

265.26049

Longitude of Ascending Node [deg] |267.22727

Visualzation

1@ Taget

(& Body: On
Grid: On
Frames
(& Frames: On
& 18 frame: On
(& VSO frame: On

- saht: On
& Taget imb: On
|@ Instrument FoV

& FoV:0On
(» Pobhedra: On
(& Contour; On

¢ Orbit

it On

Orbit on space: On

(& Trace on Target On

1@ [lumination
gt On
(& Teminator On




esa IS/ ALOFS

Starting point:

*Basic and clever program
developed by Miguel Almeida

® 262 code lines in IDL split in
a procedure and a function

* ook 40 seconds to run on a
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e & |DL chosen as programming language

Has proven to be ideal combining IDL capabilities for:
*Integrated Graphical Objects to represent the geometry
*Widget programming to easily construct a Graphical
User Interface

° , an ancillary information system for

Planetary Science focused on the Solar System
developed by NAIF at JPL (NASA)

°Intensive usage of ICY (IDL SPICE implementation)
functions with VEX SPICE Kernels
*Ancyllary data provided and orbital mechanics
calculations performed by SPICE
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Structure:
*Modular and Object Oriented design strategy

* Current version consists on 100 files aprox with
an average of 100 lines per file (10000 lines)
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Lesa /ISUALORPS

e [ime: UTC or Pericenter *VISUALIZATION of VEX
ePointing: Nadir, Track, Planet *VISUALIZATION of Orbit
Tracking, Intertial, Kernel *VISUALIZATION of FoV
based *VISUALIZATION of Venus
o Attituce: Power Optimized, *VISUALIZATION of ...
Push Broom, Kernel Based ‘
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[~ Youa'2Ps. Yioua'zation ool forSlar-ta S-‘en-> C-er-fior- - “2ni - Express YMC Instrument Application : u ’W

Obsesvation | Thesmal Profles

New Porting Orbatal Elements
Time (UTC or Pesicenter) 18047-00:41:18 Orbital period [hbx mmess)

* amiz angular offsat [dag) 0,000000 Pencenter distance [km) 63004859
Y anis angular offset [deg)  |0.000000 Semimnajor axis [km] 39431.020
Surface Point Latitude [deg] |0.000000 Eccentricity [-] 0.84021503
Surface Point Latitude [deg] |0.000000 Inciination [deg] 90.005581

Pointing Nadir e Asgument of Pericenter [deg] 265.26114
Mituade Power Optmized ¥ . ) — -
Attitud ol Longitude of Ascending Node [deg] |267.19343
Instrument VYMC UV Y.
COMPUTE SELECTION -
' 1@ Target
COMPUTE NADIR G Body. On
= 7 & Grid: On
COMPUTE TRACK .
= 1@ Frames
Pointing Parameters & Frames: On

e ~ 1Al frame:; O
Sub-Observer Point Latitude [deg) -21.754859 el 1AU fsame: On

2 VSO frame: On

Sub-Observer Point Longitude [deg]  |-S2.801546
Local Time at Sub-Obsesves Pont 11:28:29

Z Panel llumination Angle [deq) 65.240453 (3 Target imb: On

1@ Instiument FoV
T arget Phase Angle [deg] 24757491 & FoV:0On

% Polyhedra: On

Local Solar Elevation [deg) £5.240881 G C 0

1 Orbit
Observer Alttude [km] 9322.8748 Orbit On
A4 Orbit on space: On
(% Trace on Target On
-Z Panel lllumnation Angle [deg) 1@ [Iumination

& Sunbght: On

T arget phase angle [deg] & Teminator. On

Picked Parameters

Local Solar elevation [deg]

Distance to target [km]
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ﬂ»..-“% YisualOPS - Visualization Tool for Planetary Science Operations - Yenus Express YMC Instrument Application
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UTC Time!2011.03-30T04:3353  Pericenter Time|1804T+00:5518 RESET CLOSE

Observation | Thermal Profiles
New Pointing
Time [UTC or Pencenter) 18047+00:55:18
il offset [deg]  |0.000000
0.000000
0.000000
0.000000
Nadir
Power Optimized
VMC UV
COMPUTE SELECTION
COMPUTE N&DIR
_ COMPUTE TRACK

Porting Parameters

Sub-Observer Point Lattude [deg) -22 441282
Sub-Observe: Point Longitude [deg]  |87.254131
Local Time at Sub-Observer Point 23:29.05

-Z Panel llummation Angle [deg) 68023351

Taiget Phase Angle [deq) 158.02084

Local Solar Elevation [deg] -68 023070
Obzerver Altitude [km) 12765.469

Picked Parametess

-Z Panel llumination Angle [deg)
T aiget phase ange [deg)
Local Solar elevation [deg)

Distance to target [km]

New Pointing

Time [UTC or Pericenter) 1804T-00:41:18

X axis angular offset [deq] 0.000000

Y axis angular offset [deg] 0.000000

Surface Point Latitude [deg] |0.000000

Surface Point Latitude [deg] |0.000000
Pointing N adir
Attitude Power Optimized
VMC UV
COMPUTE SELECTION
COMPUTE NADIR
COMPUTE TRACK

Instrument

& Frames On
(& 14U frame: On
& VSO frame: On
1@ Observer
(& Body: On
(& Frame: On

1@ Obsesver Orbit
& Orbk: On
(& Orbk on space: On
& Trace on Taiget: On
1@ llumination
(& Surlight: On
& Termnator: On
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Pointing Parameters

Sub-Observer Point Latitude [deg] -53.036269

Sub-Observer Point Longitude [deg]  |-92.821786

= YisualOPS - Visualization Tool for Planetary Science Operations - Yenus Express YMC Instrument Application

R ﬂjjjjgﬂgﬂgﬂ UTC Time|2011-03.30T01:4323  Pericenter Time|1804T-01:5518  pecer | pipse Local Time at Sub-Observer Point 11:27:56

Observation | Themal Profles | -Z Panel llumination Angle [deg] 34.766012

New Pointing
Time (UTC or Pericenter)  |1804T-01:55:18 0| Target Phase &ngle [deqg] 55.223150
X as angulae offset [deg) 0.000000

¥ ais angular offset[dog] [3000000 Local Solar Elevation [deq] 34.776613
Surface Point Latkude [dsg] |0.000000 D P Altltude [km] 25058 4?8

Suiface Point Lattude [deg) 0000

Ponting Nadi I
orting el PICkEd Pafameters

Attkude Power Optimized

Instrument VMC VIS -Z Panel lllumination Angle [deg]
COMPUTE SELECTION

COMEOTENADIE v Target phase angle [deg]
COMPUTE TRACK

LONAE e SIIEtE , Local Solar elevation [deq]
Sub-Observer Pont Lattude [dag) -53 036269

Sub-Observer Point Longitude [deg] 92821786 : Distance to tafget [km]
Local Time at Sub-Observer Point ~ |11:27.56

-Z Panel llumnation Angle [deg] ‘34 766012
@ Instiument FoV
Taiget Phase Angle [deg] 55.223150 & FoV:0On
(& Polyhedia On
Local Solar Elevation [deg] 34.776613 @ Contour: On
— 1@ Obsesver Orbit
Obzerver Altitude [km] 25058478 G Orbk On
- (& Orbk on space: On
Picked Parametess G Trace on Tatget: On
-Z Panel llumination Angle [deg] | = 1@ llumination
(& Suriight: On

Taiget phase ange [deg) @& Terminator: On
Local Solar elevation [deg)

Distance to target [km]
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YisualOPS - Visualization Tool for Planetary Science Operations - Yenus Express YMC Instrument Application : ﬂ ' ‘

j j j j j j H ﬂ g ﬂ 5 i' UTC Time [2011-0330T01:4323  Pesicenter Time|1804T-0155:18  peeer | cLose

Observation | Thermal Profiles

- I E - . . .. ... *
New Pointing Orbital Elements

Tene [UTC or Pencentes) 1804T7-01:55:18 Orbital period [hh:mmcss] 23:58:45
angular offset [deg] Peiicenter distance [km] 6300.4487

Y axis angular offset [deg] 0.000000 Semimajor axis [km) 39434.073

Surface Point Latitude [deg] |0 Eccentricity [-]

Surface Point Latitude [deq] |0.000000 Incination [deq]

Poinling Argument of Pencenter [deg]

Sititude Power Optimizad
Al e — Longitude of Ascending Node [deg] |25

Instrument
COMPUTE SELECTION Visualization
COMPUTE NADIR

COMPUTE TRACK Orbital Elements

@ Target

oD cenetore Orbital period [hh:mm:ss]

Sub-Observer Point Latkude [deg)
Sub-Observer Point Longtude [deg] . .
Pericenter distance [km]

Local Time at Sub- ver Point

Z Panel llummnation Angle [deg] . . -
Semimajor axis [km]

Target Phase Angle [deg]

Local Solar Elevation [deg) E ccentricity [_]

Observer Altitude [km)

Ficked Farmetect Inclination [deq]

< Panel llumination Angle [deg)

T argst phase angle [deg)

Argument of Pericenter [deg] 265.26049

Local Sola elevation [deq)

Distance to target [km]

Longitude of Ascending Node [deg] | 267.22668
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Visualization
- 1@ Target
(A Body: On

= S— : : - (m Gnd: Off
= YisualOPS - Visualization Tool for Planetary Science Operations - Yenus Express YMC Instrument Application <

) 3 3 i ‘ UTC Time | 2011-03-30T01:43:23  Pericenter Time|1804T-01:55:18 LQ F'ames
alal «| of 8| o] =] 1] 0] 1 -‘ Time [2011-03301014323  Peicenter Tine[1804T 015618 pecer | cLose o
JJJJJJHHHHJH B _|= i il (& Frames: On

Obsesvation | Thesmal Profles (\_f:' IAU ffame: fo
NewPoing (A VSO frame: OFf

Time (UTC or Pesicenter) | 1804T-01:55:18 Observer

X axiz angular offsst [deg) 0.000000 ':—[:' B - d_',' D n

'Y awis angular offset [deg) 0.000000 (\-!'; F[ ame: U ff

Surface Point Latitude [deg] |0.000000 (\_f:‘ B oresight: D ff

Surface Point Latitude [deg) ‘07 (\-f:' Tafget llmb Dﬂ:
R [Nock ' Instrument Fol
Altitude | Power Optimized o FO".‘." Dn
Instrument VMC VIS \-f'f
COMPUTE SELECTION B Polyhedra: Off
COMPUTE NADIR (& Contour: Off

COMPUTE TRACK Observer Orbit
Pointing Parameters l'_r:'. D [blt D ff
L5 .

Sub-Obszerver Point Latitude [d -53.03626¢ ~ .
Vo-Cosacver P Laoes ceal - (2 Orbit on space: On

(& Trace on Target: On
[lumination

(& Sunlight: On

( Temminator: Off

Sub-Observer Point Longtude [deg)  |-92.8217&
Local Time at Sub-Observer Pork 11:27:56

-Z Panel llumination Angle [deg) 34.765012
Target Phase Angle [deg] 55223150
Local Solar Elevation [deq) 34776613
Observer Alttude [km] 29058.47¢

Picked Parameters

Z Panel lllumination Angle [deg]
Target phase angle [deg]
Local Solar elevabion [deg]

Distance to target [km)
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%% VisualOPS - Visualization Tool for Planetary Science Operations - Yenus Express YMC Instrument Application : n ’]

\:‘P‘ n\ju‘ - \ » \ 3 [ +* 1 ‘-._J‘ \ [’_). 1 [LI. | ! = m UTC Time|2011-03-30T01:43:23  Perncenter Time|1804T-01:55:18 RESET CLOSE

Observation  Themmal Profiles

Thermal Profiles

Minutes After Apocenter

-Z Panel SAA [deg]X




Lesa /ISUALORPS

Performance:

e Takes 2.6 seconds to run on a | Gb Virtual Machine
*The tool has to be initialized only once in IDL

afterwards is GUIl-autonomous
*The tool will be able to be run independently from
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esa IS/ ALOFS

Pericenter Time: [333T1-02:34:59
Pointing: Tracking (Lat = -46.55, Lon = 288.239)

Attitude: Power Optimized
Instrument: VMC-UV




Lesa ISUIALORFPS

VisualOPS was... ‘ ‘

*Ready to be used at the beginning of MTP066 (later
IELIETQY

*Validated in mid-January




Lesa /ISUALORPS
Visual OPS is...

*Reducing the amount of time spent on VMC PTRs
elaboration

*Increasing the confidence on the decision making
process

*Ready to give as output any required parameter
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Lesa /ISUALORPS
Visual OPS will...

*Be a standing alone application

*Prove its modularity being applied to visualization for
other missions: BepiColombo, MEX...

*/mplement new features for interactive Thermal

constraints to optlmlze plannlng process
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