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The Europa Jupiter System Mission wanted:
— Geometric analysis with respect to:
& Visualization of:

Magnetosphere

Radiation Field

Plasma & Neutral Tori
Rings / Dust / Small Bodies
Satellite Atmospheres

— Fast turn-around Jovian tour radiation dose estimation
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AGI / AER released the Space Enwronment and
Effects Tool (SEET) /

— Modules
= Magnetic Field
South Atlantic Anomaly

Radiation Environment

Particle Impacts

Vehicle Temperature

— Only for the Earth, with no planned extensions to other
planets
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= Development started in July 2010, all in-house at JPL

= Primary Goal: Integrate Jovian magnetic field models into STK as
a proof-of-concept for further environment model integration

= Small team of 3 JPL employees & 3 summer hires
— Erick Sturm, JPL
Team Lead & Developer — Fortran/C# Translation, GUI Design

— Michael Kokorowski, JPL
Magnetic Field Model Expert — Model Validation

— James Biehl, JPL
Developer — XML Schema, GUI Save/Load Routines

— Kenneth Donahue, MIT (now at JPL)

Developer — Plugin Architecture, Primitive Renderers
— Jordan Boedeker, lowa State University
Developer — Custom Vectors

— Cedrick Ngalande, USC (now at Microcosm, Inc.)
Developer — Plugin-FORTRAN Interface
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= Three magnetic field models integrated into Plugin
— Simple dipole model
— VIP4 model (original Fortran code)
— VIP4 model (translated into C#)

= Integrated user interface window, toolbar, & context menu

= Four visualization types rendered in the 3D Window

— Field lines

— Flux-tube footprint ovals (auroral ovals)

— Plane contours

— Spherical-sector contours
= Area & line target generation from footprint oval primitives
= Addition of three custom vectors in the VGT

— Magnetic field vector

— Field-line/central-body intersection vectors (North & South)

= Custom report & graph templates
= Compiled Help chm file with context-sensitive access from GUI
= Packaged as an msi file for quick & easy installation
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= Validated Plugin VIP4
C# & F models against
original F code

= Sampled points on a
5° Lat/Lon Grid

= Sampled at 1, 1.1, 1.25,

15,2,5 &10 R,

= Calculated error in
magnitude & direction
of magnetic field
vector

= Max Errors:
— 0.022% Magnitude
— 0.036° Direction

H 0.020%-0.022%
W 0.018%-0.020%
H 0.016%-0.018%
11 0.014%-0.016%
0.012%-0.014%
0.010%-0.012%
0.008%-0.010%
0.006%-0.008%
0.004%-0.006%
1 0.002%-0.004%
M 0.000%-0.002%

Magnitude Error between JET VIP4 (C#) and MATLAB VIP4 (FORTRAN)

East Longitude (Spherical)

North Latitude (Spherical)

W 0.032°
190.028°
0.024°
0.020°
0.016°
0.012°
0.008"
1 0.004°
m 0.000°

-0.036°
-0.032°
-0.028°
-0.024°
-0.020°
-0.016°
-0.012°
-0.008°
-0.004°

Direction Error between JET VIP4 (C#) and MATLAB VIP4 (FORTRAN)

East Longitude (Spherical)
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ET_Tutorial - STK'9 - JET 1 - Jupiter
=Eile Edt View Insert Analysis Satelite Utiities Window Help
=n-2= IEAF e ig-w-@ B.oB
X X-N_H! " 4l pbipe @l@@ 1 Apr 2011 00:00:00.000 !éla'L uuj L

v B X
viia J - Object Browse 1% B X A A
: Fle Edt View Insert Analysis Satelite uhlt.es wind| = 2y X7_Tuoia ' = = =
S atellite] Options | Lines | Footprints | Planes | Spheres | About |
: -
- Model Options Color Options
L ot E:.:’; ?_?l:.:t ;::: Planes| Spheres ColorMode |[Magritude [+ [[] Auto Color Scale
Dipole [ O m) O O O Color Scale Type _Log E [[] Show Scale in 3D Windows
v |00 |0 0O O
VIPA-F O O O O [ Color Scale Min Color Scale Max
ﬁ | 3‘ % = X M - (Gauss) (Gauss)
~ 0.001 [ 01
=g JET_Tutorial
=1 properties
Gradient Color Editor
_Zﬂom To Color: [ Location:
o s T Coooden
f Deck Access...
9 Coverage...
x Vector Geometry Tool
“ ick R t Ma Animation Options
SR nager... [] Render duting animation Time steps between renders: |
ﬂ Report & Graph Manager... |’
Export Ephemeris/attitude. .. 0K | [ Cancel | [_ Aeob ][ Hek | Restore Defaults | [ Clear
Satelite >
Satelite Plugins » ﬂl Add Object Timeline
¥ cut @ Open JT GUI |
By Copy 7 Add Jupter Dipole Vectors
;3 ? Add Jupiter VIP4 Vectors
X Delete ? Add Jupiter YIP4 (Fortran) Vectors
Rename 7' add Ganymede Dipole Vectors
Hide Toolbar
—
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Visualization: Spherical Contours ~=
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sualization: Options

@ JET 1 - Jupiter

Options | Lines | Footprints | Planes | Spheres | About

VvV | R T U £ L
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Model Options Color Options
Body Object Foot Color Mode  Magnitude v.‘ [] Auto Color Scale
Model Lines | Lines | Prints Planes Spheres i
Dipole 0 0 ] O Color Scale Type | Log _v_‘ [] Show Scale in 3D Windows
VIP4 O|(0O |[O| O [
VIP4-F D D D D I:] Color Scale Min Color Scale Max
(Gauss) (Gauss)
0.001 0.1
Gradient Color Editor
Color: Location:
= Reverse Colors *, Load Gradient
Animation Dptions
[] Render during animation Time steps between renders:
I 0K ‘ [ Cancel I [ Apply ] [ Help ] [ Restore Defaults I [ Clear ]
— |
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% JET 1 - Jupiter

Options | Lines | Footprints | Planes | Spheres | About

Body Object Foot
Model T [T | Planes Spheres

Dipole ] OJ ] O
VIP4 O | O | O O
virar | 0 O | O O O]

l oK l [ Cancel ] [ Apply l [ Help ]
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Color Mode | [JEREIOEE v [] Auto Color Scale

?3;'2:&? T [[] Show Scale in 3D Windows

Color Scale T

Altitude
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o O

% Reverse Colors I*.. Load Gradient ]

Color: Location:

Gradient Editor = g

A L H=

Jet Heat HSV Hot Cold
Load

EFEEE =

Cool Spring  Summ.. Autumn  Winter

I Y o

Color Picker

Name:
Ov 100 %
OR |255
Color: Location: OG [255
& OB |255
[ 0K ][ Cancel H Help ] ':;IF:FFEE [ OK l[ Cancel ]
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Footprint Oval Area & Line Targets #==
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Objects

Planet: lo

Objects

Planet: lo

+% 3D Graphics 1 - Jupiter

N8 6 E e

Line Line Line Color
Track Show | Color Width Style Res. Res.

Lead [J | Medum | Soid Medium

Medium

Line

Track Show Color Width
Lead @ O

lo_VIP4_North
lo_WIP4_South

@ lo
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N%,)A Custom eport& Graph Templates

{ Report & Graph Manager

Object Type: Satellite

o BT

Time Properties

() Use object properties
(O Use advanced

() Specify properties

Start: 1 Apr 2011 00:00:00,000 UTCG

Stop: | 2 Apr 2011 00:00:00,000 UTCG

(O Use defaultfephemeris steps
(®) Use step size: | 300,000 sec

St ‘ =

Show Reports Show Graphs
(57 o] 5] ) B ) (a2 X
=-@F Satelite

+-() My Styles
=-(1) JET_HelpFileTutorial Styles
=-{_) JET

- Jupiter Templates

----- {u_]j YIP4_MorthSurface...

------- B vipa_surfacexings

T4 vector
....... B vip4_vector
++_) Installed Styles

Generate As:
(®) ReportjGraph
O Dynamic DisplayjStrip Chart

[ Generate .E l

2 Apr 2011 00:00:00,000 UTCG

Step: | 300 sec

1-29 Mar 2011 13:36:05

[ Close ][ Help ]
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JET Help

AN & oF

Hide Back Home Print  Options

LContents | Index | Search | Favorites |

B (QUET User Helg)
= ) Get Stated
Whatis JET?
(2] JET Interface Management
2] Quick Start for New Users
=20 Tutorials
\Q_‘l Setting Visualization Options
7] Adding Fieldines
ﬁ Adding Footprints
KQ_] Adding Plane Contours
\Q_'I Adding Sphere Contours
7] Adding JET Vectors
\QJ Generating JET Reports & Graphs
‘Q_'I Multiple Central Body Visualizations
B () Vieualization Methods
@ Visualization Options
2] Fieldines
Footprints
2] Plane Contours
2] Sphere Contours
= () Analysis Features
= ([ JET Vectors stk.jetl@jpl.nasa.gov
= ) Magnetic Field Vectors
@ Magnetic Field Vector
JE Fieldline/Surface®ing Vectors
= ([ Environment Models
= ([) Magnetic Field Models
= Q_J_] Jupiter Magnetic Field Models
% 3;::';“:;3:::‘;233:3? JET Interface Management Analysis Features

Q Ganymede Magnetic Field Models

5 () Release Notes Quick Start for New Users I

[2] System Requirements Tutorials

What is JET? Visualization Methods

Environment Models

Copyright © 2011 Jet Propulsion Laboratory, by the California Institute of Technology. ALL RIGHTS RESERVED.
United States Government Sponsorship acknowledged.
Any commercial use must be negotiated with the Office of Technology Transfer at the California Institute of Technology.

This software may be subject to U.S. export control laws and regulations.
By accepting this document, the user agrees to comply with all applicable U.S. export laws and regulations.
User has the responsibility to obtain export licenses, or other export authority
as may be required before exporting such information to foreign countries or providing access to foreign persons.
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STK Install Directory Scenario Directory

= ) Plugins = ) JET_HelpFileTutorial
= €T = 2 T
) CustomVectors () Jupker Templates
=) de -\ JupiterIDs.jetx
< | JupiterUl. jetx

() ExtEnvMdls
+ ) Templates
() MovieTimeline

U JupiterBodyLnPrims.txt
=] JupiterObjFtPtPrims.txt
=) JupiterObjLnPrims.txt
=] JupiterPInPrims.txt

=) JupiterSphrPrims.txt
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vasa Installation Package

i@ JET

¥ Add or Remove Programs Welcome to the JET Setup Wizard

e I
@ Currently installed programs and updates:
Change or The installer will guide you through the steps required to install JET on your computer.
Remove Qa JET
Programs Click ¢ f inf o
% To change this program or remove it from your computer,
Add New ) LiveUpdate 3.3 (Symantec Corporation)
Programs
D Logitech Setpoint
Ej §5 MagicDraw UML 17.0 SP1
AddjRemove Z MathPlayer Copyright 2011, by the Califomia Institute of Technology. ALL RIGHTS RESERVED. United States
Windows Government Sponsorship acknowledged. Any commercial use must be negotiated with the Office of
Components 4\ MATLAB R200%b Technology Transfer at the California Institute of Technology. This software may be subject to LS.
) export control laws and regulations. By accepting this document, the user agrees to comply with all
{j MFCMIFCS0 applicable L.S. export laws and regulations. User has the responsibility to obtain export licenses, or
other export authority as may be required before exporting such information to foreign countries or ...
11_.:‘51 Microsoft .NET Framework 2.0 Service Pack 2
Set Program
Access and gg] JMNET Framework CLR
Defaults 5 NET Framework CA —
g%] NET Framework WinForms Installed On  5/26/2009
5 .NET Framework ASP .NET Installed On  5/26/2009
5 .NET Framework 2 Installed On  5/26/2009
5 NET Framework 1 Installed On  5/26/2009
i3 kegss4s1 Installed On  5/26/2009
i .NET Framework Prexp Installed On  5/26/2009 ¥
T =
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~§aﬁ Future Work

= Extend to other environment models
— Radiation Field
— Plasma & Neutral Tori
— Rings / Dust / Small Bodies
— Satellite Atmospheres

= Extend to other planets

= Clear for public release
— Currently releasable on a case-by-case basis

— For more information on obtaining a copy email:
stk.jet@jpl.nasa.gov
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vasa Questions?

JET 0.0.1
stk.jetljpl.nasa.gov

25 of 25




