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The
SPICE
Ancillary Information

System...

...helps scientists and engineers
plan and analyze
space science observations
and
spacecraft operations



SPICE Deals with Observation
Geometry,Time and Events
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Why SPICE?

Knowing observation
geometry and events

is an important element
in the design of space
missions and in the
analysis of the science
data returned from the
instruments.

Having standard methods
for producing and using
ancillary data reduces
cost and risk, and can help
scientists achieve more
meaningful and accurate
results.



SPICE System Functions

« The SPICE system can help you:
— Evaluate and visualize a mission design
— Plan science observations
— Analyze science observations

— Correlate science data with those obtained from
another instrument or another spacecraft



SPICE Can Help Answer
These Kinds of
Mission Evaluation Questions

What would be the spacecraft's altitude at the
time of closest approach?

How long could our spacecraft “see” the DSN
antenna at Goldstone during each orbit?

What would be the local solar time?
How long would the Phobos occultation last?
What stars would be in the field-of-view?

. and many more like these.



SPICE Can Help Answer
These Kinds of

Science Data Analysis Questions

Where was the spacecraft?
What was its altitude above Titan’s surface?

At what latitude and longitude was the instrument
field-of-view centered?

What were the incidence and phase angles?

What was the local solar time? |

Was the high gain antenna moving at this time?
.and many more like these.



The SPICE system is:

* Multi-mission and multi-discipline

» Well tested and well documented

» Widely, successfully used

» Extensible (expandable to new applications)
 Already ported to most popular computers

 Available to your colleagues in the U.S. and
around the world



| Some of the projects on which

SPICE is currently being used

Galileo .
Mars Global Surveyor

Deep Space 1 ’
NEAR | .

Stardust .
Cassini/Huygens .
Genesis .
SIRTF

Mars Odyssey o

Restoration of ancillary data from some older missions
into SPICE formats has also been accomplished.

Mars Exploration
Rovers (M'03)

Mars Express (by ESA)
Deep Impact

Contour

Rosetta (by ESA)

Mars Reconnaissance

Orbiter

Messenger



What Vehicle Types

Can SPICE Support?

Cruise/Flyby * Landers

— In-situ measurements — Remote sensing

— Instrument calibration — In-situ measurements
— Remote sensing — Surface analysis

— Rover or balloon relay

Orbiters (including earth)

—~ Remote sensing  Rovers

— In-situ measurements — In-situ measurements

— Communications relay — Local terrain characterization
Balloons* * Airplanes*

—~ Remote sensing — Remote sensing

— In-situ measurements — In-situ measurements

* Not yet demonstrated

* DSN and similar stations
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ey SPICE system software is
avallable via anonymous FTP

* In ANSI FORTRAN 77
* In ANSI C ’
— Easily called from C++

» Soon with Interactive Data Language (IDL)®
- “wrappers”

 Getitfrom:

— ftp://naif.jpl.nasa.gov/pub/naif/toolkit/ FORTRANY/...
— ftp://naif.jpl.nasa.gov/pub/naif/toolkit/C/...
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What Does SPICE Cost?

Core development and maintenance are
supported directly by NASA

Flight projects and programs pay for
adaptation, deployment and operations
The Planetary Data System funds
archive ingest and post-mission data
distribution o

It's generally free to end users:

— SPICE Toolkit software, documentation and tutorials

— Kernel files
— Reasonable consultation
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Solar System from a SPICE Perspective

The Macro View

*All spacecraft,
planets, satellites, | —— Spacecratt position
comets, asteroids r Target position

and the sun have N Target orientation/shape
locations and
orientations given as
a function of time

*All natural bodies
have sizes and
shapes

Earth orientation is
known to high
precision

*The locations of
stars or other sky
catalog objects can
be well integrated




Solar System from a SPICE Perspective

The Mid-scale View

Surface normal

Geometry such as altitude, ground-track latitude and longitude, and lighting
angles related to surfaces—either “regular” or “irregular’-may be determined. 4,



The location and orientation
of spacecraft instruments,
antennas, or other structures
may be specified using
SPICE

The Micro View -1

- Solar System from a SPICE Perspective

SolarAray gimbal location with respect
to he acecraft frame center in the
spacecraft frame; dstermined from the
spacecraft mechanical crawings;
stored in the shuctures SPK file

Solar Array gimbd frame orienfation
with respect fo the spacecraft rame;

| computed from gimbal angles sent

down in the spaceciaff felernetry;
stored in a Sclar Aray CK file

Magnetometer Sensor location relative
fo the solar aray gmbal in the
solar array gimbal frame; defermined
from mechanical drawings; stored in
the s/c shuctures SPK file

Mars Orbiter Camera orientafion
with regpect to he spacecraft frame;
determined during calibrations;
stored in the camera K ond the
soacectaft Frame Definitions files

Mais Orbiter Laser Alfimiter arientadion
with respect to the spacecraft frame;
determined during calibrations; stored
in the afimiter IK and the spacecraft
Frame Definitions files

Spacecraft Frame orientation with
respect fo the J2000 inertial frame;
computed on-board and sent down in
the spacecraft engineering telemetry;
stored in o Spaicecraft CK file

i
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Magnetometer Sensor orientfation
with respectto the solar array frame;
defermined from mechanical diawings;
stored in the marnetometer K and the
spacecraft Frame Definitions files

HGA gimbal frame crienfation

with respect to the spacecraft frame;
computed from gimbal angles sent
down in the spacecraft engineering

telermnetry; stored in o Antenna CK file

HGA Phase center location relative to
e HGA gimbdl in the HGA gimbal
frame; determined from spacecraft
mechanical drawings; sfored in the

s/c structures SPK file

Spacecraft posifion and velocity
relative to the center of Mars in
the J2000 inerid frame; computed
as the result of otbit determination;
stored in o spacecraft SPK file

HGA gimbal location with rtespect to
the spacecraft frame center in the
the soacecroff frame; determined

from mechanicad drawings; stored in

the s/c structures SPK file

HGA frame orientation with respect
to the HGA gimbal frame; determined
from spacecraft mechanical drawings;

stored in the spacecraft Frome
Definitions file

Applying SPICE to an Orbiter (MGS)
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The location of a
lander or rover instruments or structures many be specified using SPICE

The Micro View - 2

Position Vectors
Left and right mast cameras | ™ Z
wre . ~Z or
center positions in the mast i —
elbow frame relative to the Yo
enct of the mast Apg 3

{("rover structures" SPKfile}

Erd of mast position T
in the mast elbow frame
("rover structures" SPK file)

Mast elbow gimbal position
in the mast shoulder frame
("rover structures” BPK file)

Mast shoulder gimbal position
in the mast torso frame
{"rover structures” SPK file)

Mast torso gimbal position
in the rover frame
{"rover structures" SPK file)

Rover position relative to the
landing site in the local frame
{("rover” 8PK file)

Larding site position relative
to the planet center in the k
planet-fixed rotating frame
("landing site"” SPK file)

Solar System from a SPICE Perspective

Frame Orientations

—"""| Leftand right mast cameras

frames orientation relative
to the mast elhow frame
{Frame Definitions file)

Mast elbow frame orientation
relative to the mast shoulder frame,
based on mast TLM data

"mast” CK file)

Mast shouder frame orientation
relative to the mast torso frame,
based on mast TLM data

{"mast" CK file)

Mast torso frame orientation
relative to the rover frame,
based on mast TLM data
"mast" CK file)

Rover frame orientation
relative to the local frame,
based onacceleration
and heading TLM data
{"rover” CK file)

Local frame orientation
refative to the planet fixed
rotating frame, defined by

o cal gravity and north
(Frame Defintions file)

lander, path of a rover, and orientation and location of





