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Background 

• “SPICE1” is used to compute geometry needed to 
plan for and subsequently analyze science data 
obtained from robotic missions. 

• SPICE is also used in support of numerous 
mission engineering functions.

1Spacecraft  Planet  Instrument  Camera-matrix  Events
http://naif.jpl.nasa.gov/naif/aboutspice.html
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Ancillary Data

• SPICE uses a variety of “ancillary data” to 
compute a wide assortment of geometry 
parameters such as:

– range, 
– velocity, 
– lighting angles, 
– surface intercept LAT/LON, and 
– geometric conditions such as occultation, closest approach and 

maximum elongation.
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• The original focus of SPICE was on ancillary data and 
associated software needed by scientists for:

– initial science data analysis
– science archive preparation
– post-mission data analysis

Initial science 
data analysis

Post-mission
data analysis

Original Purpose for SPICE

Archive

Science archive 
preparation

Science Operations
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• The original focus of SPICE was on ancillary data and 
associated software needed by scientists for:

– initial science data analysis
– science archive preparation
– post-mission data analysis

• The scope of SPICE usage has grown to cover the full 
mission lifecycle as well as the original archive uses. 

• It also supports education and public outreach.

Mission concept
development

Mission
design

Mission design 
validation

Detailed science 
observation planning

Mission operations
support

Initial science 
data analysis

Post-mission
data analysis

Large Breadth of Use

Full Mission Lifecycle Archive

Science archive 
preparation

Education and Public Outreach
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What are “Ancillary Data?”
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How Use “Ancillary Data”?

• “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

• In the above we’ve used past tense, but doing the 
same functions for future times to support mission 
planning is equally applicable.
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From Where do Ancillary Data Come?

• From the spacecraft

• From the mission control center

• From the spacecraft and instrument builders

• From science organizations

• SPICE is used to organize and package these data 
in a collection of stable file types–called "kernels”–
used by scientists and engineers.
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Why Use SPICE?

• Knowing observation geometry and events is an 
important element of:

– space mission design, 
– selection of observation opportunities, 
– analysis of the science data returned from the instruments,
– mission engineering activities, and
– preparation of science data archives.

• Having proven, extensive and reusable means for 
producing and using ancillary data reduces cost 
and risk, and can help scientists and engineers 
achieve more substantive, accurate and timely 
results.
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SPICE System Components

Ancillary data files (“kernels”)………..…………

Software (SPICE Toolkit)  …………..

Documentation ……..

Tutorials …….

Programming lessons …..

Training classes ……………………

User consultation ………….…………………..
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SPICE Data Overview

Logical Components Data Files
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SPICE Toolkit Software

• Library of subroutines (~1000)
– Just a few used within a 

customer’s program to compute 
quantities derived from SPICE 
data files

• Programs (14*)
– SPICE data production
– SPICE data management

• Documentation
– Highly annotated source code
– Technical Reference Manuals (23)
– User Guides

• Four languages
– Fortran
– C
– Interactive Data Language (IDL)
– MATLAB
– Under development:

» Java Native Interface (JNI)
• Four platforms

– PC/Linux
– PC/Windows
– Sun/Solaris
– Mac/OSX

• Several compilers
– For the Fortran and C Toolkits

VersionsContents

* 30 are available from the NAIF website
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Example of Using SPICE APIs
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Examples of How is SPICE Used
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SPICE System Characteristics - 1

• SPICE Toolkit software is portable
• Code is well tested
• New Toolkits are always 100% backwards compatible
• Source code is provided, and is well documented
• Extensive user-oriented documentation is provided
• Software includes built-in exception handling

– Catches most invalid inputs 
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SPICE System Characteristics - 2

• All numeric computations are double precision
• Kernel files are portable between computers
• Kernel files are separable

– Use only those you need for a particular application

• Kernel files are extensible
– New data types can be added within a kernel family

• SPICE kernels and software are free of licensing and 
U.S. export restrictions

– Everyone is free to use SPICE

• No cost to individual end users
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Supported Environments

• The SPICE Toolkit has been ported to many 
popular “environments”… currently 47.

– Each environment is characterized by… 
» Language
» Hardware type (platform)
» Operating System
» Compiler (where applicable)
» Selected compilation options (32-bit or 64-bit)

• NAIF provides separate, ready-built SPICE Toolkit 
packages for each supported environment.

17



Navigation and Ancillary Information Facility

What Can One Do With SPICE?

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

• Orientation of a spacecraft 
and its various moving 
structures

• Instrument field-of-view 
location on a planet’s 
surface or atmosphere
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What Can One Do With SPICE?

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

A Few Examples

When is an
object in shadow?

When is an object in front of 
another, as seen from a 
spacecraft?

50

100
150

When is the spacecraft’s 
altitude within a given 
range?  (say 50 to 100 km)

How close will two 
spacecraft get?

Miss
distance
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SPICE Users
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What’s “newish” that could be
of interest to ICATT attendees?

- Geometry Finder subsystem (GF)
- WebGeocalc interface to SPICE (WGC)*
- Cosmographia Visualization tool*
- Digital Shape Kernel (DSK)

* Demos during this ICATT meeting
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Geometry Finder Subsystem

• Much SPICE software computes a geometry 
parameter at a given time, t, i.e. x = f(t).

– Example: on 2011 MAR 30 14:57:08, what is the spacecraft’s altitude 
above Mars?

• The Geometry Finder subsystem does the inverse.
– Example: within some time bounds, when is the spacecraft’s altitude 

between 50 and 100 km?

50

100
150
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The current GF subsystem allows one to search for 
events involving the geometric quantities listed 
below.

GF High-Level API Computations

Occultations or transits

Ray containment in an instrument’s 
field of view

Target body appears in an 
instrument’s field of view 

User-defined Boolean quantity

Observer-target distance

Observer-target range rate

Target body angular separation

Phase angle

Illumination angles

Ray-body surface intercept 
coordinates

Position vector coordinates

Sub-observer point coordinates

User-defined scalar quantity

Boolean Numeric
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WebGeocalc

• WGC (WGC) provides a Graphical User Interface 
(GUI) to a SPICE server running a geometry 
computation engine

– Using WGC is easier than having to write your own program that 
incorporates some SPICE Toolkit software

– But WGC computations are limited in scope: the tool cannot do 
near as much as an own-built program that uses SPICE Toolkit 
APIs

• WebGeocalc is useful in quickly making space 
geometry computations using SPICE ancillary 
data without having to write a program 

– See the next page for a graphic depicting “ancillary data”
– For a description of SPICE, look here:  

http://naif.jpl.nasa.gov/naif/aboutspice.html

http://naif.jpl.nasa.gov/naif/webgeocalc.html

See related talk and demo
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WebGeocalc Architecture

• WGC uses a client-server architecture
– The user only needs a computer running a web browser
– The browser connects via Internet to a WGC  “computation 

engine” running on a server
» The WGC server has access to a variety of SPICE kernel files

SPICE Data
WGC ServerYour Computer

Internet

25



Navigation and Ancillary Information Facility

WebGeocalc Computations

• Three categories of SPICE computations are available

1. Geometry Calculator
» Compute a parameter value at a given time, or over a time range

• Example:  Compute the angular size of  Phobos as seen from the SPIRIT Mars rover from 2009 
March 10 12:00:00 to 2009 March 10 14:00:00

2. Geometric Event Finder
» Within a specified time bounds (the confinement window)… 

• Find time intervals when a particular geometric condition exists
– Example: Find time intervals when Phobos is occulted by Mars as seen from Mars 

Odyssey within the period  2010 June 01 to 2010 June 02
• Find time intervals when a parameter is within a given range

– Example: Find time intervals when the spacecraft altitude is between 300 and 400 km
• Find time intervals when a parameter has reached a local or global maximum or minimum

– Example: Find time intervals when the angular separation of a satellite from a planet, as 
seen from a spacecraft, has reached its minimum value

3. Time conversion calculator
» Convert between various time systems and time formats

• See some examples on the next page
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Illustrations of Three 
Available Computations
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instrument boresight surface intercept is greater than      

30 degrees, within the time range Tstart-search to Tstop-search.

X

Y

Z

Camera scanning
across the 

planet’s surface

30o

Illumination Angles

Surface Intercept Event Finder 27
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Cosmographia Visualization Tool

• Cosmographia is a downloadable tool used to 
help visualize and analyze astrodynamics and 
science aspects of a mission in 3D animations.

• It can depict such things as:
– spacecraft trajectory and orientation
– target body ephemeris and size, shape and orientation
– reference frames (coordinate systems)
– vectors and angles
– ranges
– instrument view cones and footprints
– … and more.

• The SPICE-enhanced Cosmographia distributed 
by NAIF makes use of SPICE kernels.

http://naif.jpl.nasa.gov/naif/cosmographia.html

See related talk and demo
28



Navigation and Ancillary Information Facility

Some Cosmographia Snapshots

Solar System

Cassini
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Digital Shape Kernel (DSK)

• The DSK subsystem can handle two 
representations of shape data

– Digital elevation model

– Tessellated plate model

• DSK supplements the tri-axial ellipsoid shape 
model already available in SPICE
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DSK-based Rendering of Comet C-G
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Making DSKs

• NAIF doesn’t produce shape models… 
others do that.

• The DSK subsystem is able to ingest many 
popular forms of shape data, both 
tessellated plate and digital elevation model 
types.

– The SPICE Toolkit contains a program for 
producing DSKs.
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Why Use DSK?

• If your shape data is in SPICE DSK format you 
can use SPICE Toolkit APIs to determine an 
assortment of observation geometry based on 
the tessellated plate or DEM data. Examples:

– Compute sub-observer point on surface and height of observer 
above surface

– Compute intercept of ray with surface
– Determine whether a portion of a target body’s surface is within 

the FOV of specified instrument at specified time.
– Determine occultation/transit state of a point target
– Compute limb and terminator location
– Compute Illumination angles at a specified surface point
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DSK Subsystem Status

• For the tessellated plate component…
– An alpha-test version has been used by Rosetta and DAWN. 
– The full system will be released as part of the next SPICE 

Toolkit, version N66, very shortly.

• For the digital elevation model component…
– An engineering version is being used on NASA’s Soil Moisture 

Active and Passive (SMAP) earth science mission.
– Official release in a SPICE Toolkit is still some ways off… 

perhaps late in CY2016.
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Building Blocks for Your Applications

The “SPICE” ancillary information system can serve 
as a set of blocks for building tools supporting multi-
mission, international space exploration programs.

SPICE: the ancillary information system that NAIF builds and often operates.
NAIF:  the JPL entity responsible for development and deployment of SPICE.
NAIF Node of the PDS:  one responsibility of the NAIF Group--archiving and providing 
long-term access to SPICE data for the worldwide science community.
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Backup
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SPICE Data Details- 1

• Instrument field-of-view size, shape, 
orientation

• Possibly additional information, such as
internal timing

SPK

PcK

IK

• Space vehicle ephemeris (trajectory)
• Planet, satellite, comet and asteroid 

ephemerides
• More generally, position of something 

relative to something else

• Planet, satellite, comet and asteroid 
orientations, sizes, shapes

• Possibly other similar “constants” such 
as parameters for gravitational model, 
atmospheric model or rings model
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SPICE Data Details- 2

• “Events,” broken into three components:
– ESP:  Science observation plans
– ESQ:  Spacecraft & instrument commands
– ENB:  Experiment “notebooks” and ground data system logs

CK

EK

• Instrument platform (e.g. spacecraft) attitude
• More generally, orientation of something relative 

to a specified reference frame

3 components

EK is not much used
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SPICE System Data - 3

• Frames
- Definitions of and specification of relationships 

between reference frames (coordinate systems)
- Both “fixed” and “dynamic” frames are available

DSK

FK

LSK

SCLK

• Leapseconds Tabulation
- Used for UTC <--> TDB (ET)  time conversions

• Spacecraft Clock Coefficients
- Used for SCLK <--> TDB (ET)  time conversions

• Shape models (digital elevation model and tessellated 
plate model) (DSK)

UTC =  Coordinated Universal Time      ET = Ephemeris Time     SCLK = Spacecraft Clock Time

Under development now
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