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SPICE in a nutshell

 SPICE is an information system that uses ancillary data to provide Solar System geometry information to 

scientists and engineers for planetary missions in order to plan and analyze scientific observations from 

space-born instruments. SPICE was originally developed and maintained by the Navigation and Ancillary 

Information Facility (NAIF) team of the Jet Propulsion Laboratory (NASA).

 “Ancillary data” are those that help scientists and engineers determine:

● where the spacecraft was located

● how the spacecraft and its instruments were oriented (pointed)

● what was the location, size, shape and orientation of the target being observed

● what events were occurring on the spacecraft or ground that might affect interpretation of science 

observations
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 SPICE provides users a large suite of SW used 

to read SPICE ancillary data files to compute 

observation geometry.

 The ancillary data (kernels) comes from: The 

S/C, MOC/SGS, S/C manufacturer and 

Instrument teams, Science Organisations.

 See Talk #7007 ”What’s New in SPICE”, 

M. Liukis.
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The ESA SPICE Service

 The ESA SPICE Service leads the SPICE operations for ESA missions.

 The group is responsible for the generation, development, maintenance and archive of the SPICE Kernel 

Datasets for the ESA Planetary Missions (and Solar Orbiter) 

 It develops and operates software to convert orbit, attitude, telemetry and spacecraft clock correlation 

data into the corresponding SPICE formats.

 Provides consultancy and support to the Science Ground Segments and the Science Community of the 

planetary missions for SPICE and ancillary data management. 

 Everything is accessible from: 

spice.esac.esa.int

Kernel Datasets are available via FTP:

ftp://spiftp.esac.esa.int/data/SPICE/

 Contact the service via e-mail

● esa_spice@sciops.esa.int

● marc.costa@esa.int

 Join the OpenPlanetary Slack Community

 See #7020 ”SPICE For ESA Planetary Missions” at the poster session

mailto:esa_spice@sciops.esa.int
mailto:marc.costa@esa.int


Author Name | Presentation Reference | ESAC | 23/11/2015 | Slide  4

ESA UNCLASSIFIED - Releasable to the Public

 SPICE kernels can be found in different places and can be of three different nature

● Study / Operational / Legacy

● ESA SPICE Server / PSA & NAIF (PDS Node) 

SPICE for ESA Missions

Kernel 
Dataset

ESA 
server

NAIF 
server

PSA Archive Mission 
status

Kernel status

ExoMars 2016 PDS4 Operational Consolidated

Rosetta PDS3 Operational Consolidated*

Mars-Express PDS3 Operational Consolidated*

Venus-Express PDS3 Post Operations Final Review*

BepiColombo PDS4 Studies In development

JUICE PDS4 Studies Consolidated

Solar Orbiter Studies Early development

SMART-1 Legacy Not reviewed

Chandrayaan-1 Legacy Not reviewed

Present Changing 
soon

Not presentN/A
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Comet Siding Spring flyby

 On October 19th 2014, Mars experienced a close encounter with Comet C/2013 A1 (Siding Spring. The 

closest approach with comet Siding Spring took place at a distance of ~138,000 km from the center of 

Mars, on 19 October 2014 at 18:28 UT (Solar longitude Ls 217, Martian Year 32). It flew by Mars at a 

relative velocity of ~56 km/s, moving from South to North (retrograde orbit, 129 degrees inclination). 

That is a third of the Earth-Moon distance.

 The gaseous coma washed over Mars and Mars passed directly through the cometary debris stream. As a 

close encounter of this type is predicted only once in 100,000 years, this is likely the only opportunity for 

measurements associated with planetary/cometary encounters.

 This unique event allows us to investigate the response of the Mars’ upper atmosphere to such a rare 

encounter, as this may have implications for overall atmospheric evolution. Additionally, one of the 

largest Coronal Mass Ejections (CME) of the current solar cycle hit Mars about 44 hours before the comet 

flyby, creating a strong perturbation in the system that, although somewhat diminished over the following 

hours, was still present during the comet passage.

 The following data sets are used in the study: 

● Data recorded by the MARSIS radar aboard Mars Express in the active ionospheric mode give 

access to local electron densities at the spacecraft altitude, electron density profiles and an 

indication of the signal attenuation (due to electrons present at low altitudes). 

● The data recorded by the SHARAD radar aboard Mars Reconnaissance Orbiter give access to 

the Total Electron Content. 

● The data recorded by MAVEN include information on the magnetic field, the metallic ions 

originating from the comet, and energetic particles possibly identified as pick-up ions. 
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Three S/C and a Comet at once 

 In order to support the before mentioned science scenario, which is being investigated by O. Witasse, B. 

Sánchez-Cano, et al. (results will be presented at a special EPSC 2017 session).

 My task is to prepare a SPICE Kernel dataset to reproduce such scenario in order to facilitate data 

analysis and a Cosmographia and WebGeocalc instances of the scenario.

● WebGeocalc (WGC) is a web-based graphical user interface to SPICE. Many observation 

geometry computations available in SPICE through a standard web browser. See:

● SPICE-enchanced Cosmographia is an interactive tool; 3D visualization of S/C trajectory, 

orientation and instrument field-of-views and footprints. Open source. SPICE-enhanced 

version of Cosmographia available at: https://naif.jpl.nasa.gov/naif/cosmographia.html

● See Poster #7018 “WebGeocalc and Cosmographia: Modern Tools to Access SPICE 

Archives” B. Semenov et al and Demo on both tools.

 This scenario contains the appropriate SPICE datasets of Mars Express, MAVEN and Mars Odyssey and 

comet Siding Spring. In addition the following modeling has been done:

● Siding Spring-specific dynamic reference frames for data analysis: 

– SIDING SPRING Body-Centered Solar Equatorial, 

– SIDING SPRING Dust Coma (Z: SS-Sun vel vector, X: SS-Sun pos vector), 

– SIDING SPRING Ion Tail (X: SS-Sun vel vector, Z: SS-Sun pos vector),

● Coma influence spheres: 

– Inner Coma with a radii of 15000 km

– Outer Coma with a radii of 1000000 km

https://naif.jpl.nasa.gov/naif/cosmographia.html
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The importance of MK’s

 Meta-kernels (aka Furnsh Kernels) are key to ensure one loads the appropriate kernels for a given 

mission scenario. 

 The following is an extract of the scenario MK derived from the operational Mars-Express MK
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Mars Express Observations

 Mars Express Fourier Spectrometer (PFS) and the MARSIS performed dedicated observations to Siding 

Spring during the comet closest-approach coordinated by the MEX SGS at ESAC.

 Note that even though I work door-to-door with the MEX SGS I did not drop them an e-mail to check 

when did the observations took place, instead, I took a quick-look with Cosmographia, I could also have 

done a Target-in-FoV search with the Geometry Finder API or even with WegGeocalc. 

 Here’s were the dedicated pointing for MEX took place: 

● 2014-Oct-18 12:00:00 - 2014-Oct-18 12:30:00 (PFS)

● 2014-Oct-18 19:30:00 - 2014-Oct-18 20:00:00 (OMEGA, PFS)

● 2014-Oct-19 05:10:00 - 2014-Oct-19 05:40:00 (MARSIS, OMEGA)

● 2014-Oct-19 15:30:00 - 2014-Oct-19 16:10:00 (OMEGA)

● 2014-Oct-19 19:15:00 - 2014-Oct-19 19:30:00 (SCAN, MARSIS)

● 2014-Oct-20 03:25:00 - 2014-Oct-20 03:55:00 (OMEGA)

 One can use the PSA UI to look for the MARSIS and PFS data during that period, I did so and I found 

some data! (See Talk #7046 from SPICE to Map-Projection, the Planetary Science Archive 

Approach to Enhance Visibility and Usability of ESA’s Space Science Data, S. Besse et al.)

 Unfortunately there was no such thing as nice pictures of the Comet, which for me, not being very much 

of a scientist, is a bit frustratring, we rather have something like this:
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Mars Express Observations
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Mars Express Observations
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Mars Express Observations
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Mars Express Observations
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Some Early Conclusions

 My task is to facilitate scientist the task of building up a scenario for this given study providing also a 

configuration of already existing SPICE based tools. 

 This scenario uses a unique SPICE kernel dataset which has to be coherent across all the people working 

with this data. For ESA Missions this is not always true when working with Archived kernels in the PSA (at 

least for the time being; archives are not always up-to-date), therefore dissemination of a meta-kernel 

containing a unique dataset is paramount.

 Because of this one of my main efforts for ESA Planetary Missions is to make people aware that 

concerning data they should care mostly about MKs.

 Building such scenarios is something that can improve the collaboration in between missions which are 

studying the same body. The canonical example would be ExoMars 2016 and Mars Express. 

 Such scenarios can be helpful not only for data analysis but also for planning the observations.

 For what concerns science results; more to come at EPSC 2017 in September.
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BACKUP: Kernel production at ESA
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