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ESA SPICE Service: Providing more than
orbit and attitude for your data analysis
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Introduction

Propulsion Laboratory (NASA).

Planetary Missions

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 is developed and maintained by the Navigation and Ancillary Information Facility (NAIF) team of the Jet

The ESA SPICE Service (ESS) leads the SPICE operations for ESA Science and Exploration missions. The group is
responsible for the generation, development, maintenance and archive of the SPICE Kernel Datasets for the ESA

Using SPICE 1.0

SPICE is used to determine observation geometry and events
that are important elements of:

* sSpace mission design,

» selection of observation opportunities,

« analysis of the science data returned from the

iInstruments,

* mission engineering activities, and

« preparation of science data archives.
This graphic depicts the kind of geometry that may be
modeled with SPICE:
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These figures illustrate a few examples on what the
SPICE APIs can provide to a user who uses SPICE
within his own program or application:

Compute many kinds of observation geometry
parameters at selected times

A Few Examples

- Positions and velocities of
planets, satellites, comets,
asteroids and spacecraft

- Size, shape and orientation of
planets, satellites, comets and
asteroids

/
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/ - Orientation of a spacecraft and

its various moving structures

« Instrument field-of-view location
.%\—/ on a planet’ s surface or
2

y atmosphere

Find times when a specified “geometric event” occurs, or when a
specified “geometric condition” exists

A Few Examples
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spiops: a SPICE Python library
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SPICE:

* Is Used during all the mission phases:

Science archive

Mission concept Mission design Detailed science

development validation observation preparation
planning
I I [
Pre Phase A Phases A-D | Phase E
| Launch | I EOM
Mission Mission operations Initial Science
design support science data archive user
analysis support

« Allows us to instance a mission scenario with:
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* |ts components are:

Components Data Files  Contents Producers
« MOC provides data, SGS
S —_— Spacecraft and target generates kernels.
Spacecraft body ephemerides » Science institutions for
natural bodies.

Binary files

ﬁ Target body size,
PCK shape and orientation

Text and binary files

« Science institutions

Planet

I Instrument field-of-view size, * SGS and Instrument
IK shape and orientation teams
Instrument Text files

+ SGS for pre-operational

C Orientation of spacecraft and and sci-planning purposes
C tri — CK any articulating structure on it « MOC provides data, SGS
amera-matrix Binary files generates kernels for ops

m Reference frames |, gGg and Science Institutions
m Leapseconds * NAIF
« MOC provides data. SGS
SUENE @!K Spacecraft clock generates kernels
m Digital Shape model * TBD

\ <Others<
M longer used

Cosmographia and WebGeocalc

higher-level functions than the ones available with SPICE.

spiops is a Python package that uses SpiceyPy to use SPICE Toolkit APls to provide

spiops is aimed to assists the users to extend the usage of SPICE.

These functions have been identified in my day-to-day work from having to implement
multiple times a series of SPICE APIs to obtain a given derived functionality .
Functionalities vary from the computation of the illumination of a given Field-of-View to
obtaining the coverage of a given S/C for a particular meta-kernel, plotting Euler Angles or

comparing different kernels.

There are three different levels of functions used:
1.SPICE based derived functions
2.non-SPICE based derived functions
3.0bject Oriented SPICE interface
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The underlying idea of spiops is to be used as a

|||||||||||

multi-user and multi-disciplinary pool of re-usable
SPICE based functions and to provide an easier
interface to certain SPICE functionalities with objects
to provide cross mission and discipline support of
SPICE for ESA Planetary and Heliophyisics missions.
The ultimate goal is to provide:

1.A Pool for functions that | need to work with SPICE
2.An Interface to provide solutions to users
3.A Library for SPICE-based applications

Available as a PyPi package and accessible via BitBucket.

« WebGeocalc (WGC) is a web-based graphical user interface to SPICE. It offers many
observation geometry computations available in SPICE through a standard web browser.
The ESS provides WebGeocalc to support mission planning, mission operations and
science data analysis.

SPICE-enhanced Cosmographia is an interactive tool providing 3D visualization of S/C
trajectory and orientation, instrument filed-of-view and footprints, and many additional
elements of space mission geometry..

Both tools have been proven to have an incredible added value for quick-look analysis,
pointing design and contextualization of science data. ASK FOR A LIVE DEMO!

WebGeocalc - A GUI Interface to SPICE

i Version 1.1.0 (2950)

Calculation Menu ‘

Available Calculations

Geometry Calculator

State Vector Calculate the position and velocity of a target with respect to an observer.

Angular Separation Calculate the angular separation between two targets as seen from an observer.
Angular Size
Frame Transformation

lllumination Angles
Sub-solar Point

Calculate the angular size of a target as seen from an observer.

Calculate the transformation between two reference frames.

Calculate the emission, phase and solar incidence angles at a point on a target as seen from an observer.
Calculate the sub-solar point on a target as seen from an observer.

Sub-observer Point Calculate the sub-observer point on a target as seen from an observer.

Surface Intercept Point

Orbital Elements

Calculate the intercept point of a vector or vectors on a target as seen from an observer.

Calculate the osculating elements of the orbit of a target body around a central body.

. Geometric Event Finder

" Position Finder Find time intervals when a coordinate of an observer-target position vector satisfies a condition.
S

'y Angular Separation Finder Find time intervals when the angle between two bodies, as seen by an observer, satisfies a condition.

Distance Finder Find time intervals when the distance between a target and observer satisfies a condition.

Sub-Point Finder Find time intervals when a coordinate of the sub-observer point on a target satisfies a condition.
. ¥ Occultation Finder Find time intervals when an observer sees one target occulted by, or in transit across, another.

Surface Intercept Finder Find time intervals when a coordinate of a surface intercept vector satisfies a condition.

Target in Field of View Find time intervals when a target intersects the space bounded by the field-of-view of an instrument.

Ray in Field of View Find time intervals when a specified ray is contained in the space bounded by an instrument's field-of-view.

S FIRSTGOV &

Your First Click to the U.S.

References

1] ESA SPICE Service Home Page:
] NAIF Home Page:
] Acton C. (1996), Space Sci., 44, 65-70

N

W

Marc Costa Sitja

Phone: +34 91 8131457

European Space Astronomy Centre (ESAC)
Camino Bajo del Castillo s/n
Urb. Villafranca del Castillo

28692 Villanueva de la Canada \\\\\“\;
Madrid, Spain \=€CSa




