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How can we support maneuver designers to more
conveniently and effectively work with MONTE
LAMBIC output data?



LAMBIC

-

- Data Processing

-

Visuals




Previous Project Focus

Outputs

Results
(results.pkl)

Summary data of entire
trajectory.

A 4

LAMBIC

Supplemental |

.boa files

Data Visualization

Multiple LAMBIC Simulations

Sample Data

(opt samples.boa) | |

Data per sample per burn

Flight Project |

config. file

Output to
.JSON

Porter

Single LAMBIC Simulation

Summary Statistics

Detailed Statistics &
Additional Mnvr. Data




Current Project Focus

Create an intuitive and all-inclusive way to access:

LAMBIC Summary Statistics Data

Detailed Result Blocks and M.C. Sample Data from LAMBIC

Capel Plots



Understanding the Data

e Full JSON conversion for LAMBIC simulation TN
output = e
e AV and delivery data for simplified review |

e Monte Carlo distributions for all maneuver
variables available ]

d
e External data sources to supplement LAMBIC Opt Samples
information (Capel, flyby specifics, etc.) o
xecuted DV - [X, Y, Z] components




Overarching Design Idea

Analysis is conducted from a high level overview to a low level detailed approach (currently sorted by maneuver).

Overview

| want to see all maneuvers and their respective encounters
between a start and stop time that | define.

Maneuver:

> Name

> Deterministic DV

> Executed Mean DV

> Executed Sigma

> Executed Percentiles

> Cumulative Deterministic DV
> Cumulative Executed DV

Event (Currently B-Plane Encounters for EC data):
>Name

> Flyby Altitude

> Vinfinity

> Impact Probability %

> Ellipse Properties

Detail (Per Maneuver)

| am interested in the nitty gritty details of a single maneuver.
Show me all the data regarding this specific one.

> Next Encounter
> Impact
> Delivery
> Miss
> Executed DV Mag Stats.
> Commanded DV Mag Stats.
> Error DV Mag Stats.
> Execution Error
> OD Covariance
> Delivery Plots
> B-Plane w/ Samples and Ellipses
> C3, S*R, S*T, LFT distributions
> Capel Plots
> Choose from 29 plot options



Porter Organization: Overview Mode Example

°- |

O Jump to Start < | L 2 g @

@E13-TRG
@E12-TRG

E13-APP £15 app @FE1-TRG

@ @ EN-APP

E13 E12 £44
@20®
E11-CU
E12-CU
@E-cU

g ®- - ®- ®- 9 @ D Jump to End O
|E11 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
Dv Delivery Table Controls
Maneuver Det. Executed Total Lt

Name I Epoch Mnvr

I Mean | Distribution I 90 I 95 I 99 ISigma

Determinislicl Executed

F/yby E11 = EUrOPA - Date - XXX km - XXX km/s

[[encu | | [ v— | N

[ T T T 1

Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz

| E12-TRG IzB JUN 202\[ 7.9862 I _I 7.9913 /\/\l 87275 I agoazl 9293, I 0.6702. I 9055029 ] 877.2878

[er2nem | [ [ o | ] AL [ T T 1 I
F/yby [E12 :: EUROPA - Date - XXX km - XXX km/s

[e2cu | [ [ o ] —[ 1T T T 1 |

Encounter E13-TRG :Date-Cartesian X, ¥, Z, Vx, Vy, Vz

[[E137ra | | | — | A

| E13-aer | | [ — | A

D

Bar Chart Toggles
[x] 90.0

M [x]95.0

B [x]99.0
[ ] Executed DV




Pnrtar Nragnjzation: Overview Mode Example

Timeline

The navigation bar at the top of all screen with the
maneuver and encounters.

The timeline contains a user set shaded region
that controls what maneuvers are presented in the
Overview screen mode blocks.

O Jump to Start < | L 2 g @ g

g & * ®- ®- @ ®- | D Jump to End O
|E11 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
bV Delivery Table Controls
Maneuver Det. Executed Total Ly
@E13-TRG Name I Epoch | Mnvr :I Mean | Distribution I 90 I 95 I 99 ISigma Determinislicl Executed IZI
@FE12-TRG F/yby E11 = EUrOPA - Date - XXX km - XXX km/s
E13-APP £15 app @FE1-TRG [[encu | [ [ — [ A~ [ [ [ [ I |
@ @ EN-APP
E12 1 o Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz
E13
... | E12-TRG IzB JUN 202\[ 7.9862 I _I 7.9913 /\/\l 87275 I agoazl 9293, I 0.6702. I 905.5029 ] 877.2878 |
_ 5 -
[eamnl T 1 [ AL T T T 1 1 |
@FE13-cU Flyby E 12 = EUROPA - Date - XXX km - X.XX km/s
[Lercu | [ [ m— ] — [ T T 1] I |

Encounter E13-TRG :Date-Cartesian X, ¥, Z, Vx, Vy, Vz

Bar Chart Toggles

[x] 90.0
[eztre | | | — | A | | | [ | | ] [:]95,0
| E13-aer | | | ——— | Anl | | | | | | M X1990

[ ] Executed DV




Porter Organization: Overview Mode Example

°- |

O Jump to Start < | L 2 g @

@E13-TRG
@E12-TRG

E13-APP £15 app @FE1-TRG

@ @ EN-APP

E13 E12 £44
@20®
E11-CU
E12-CU
@E-cU

Trajectory View

g ®- - ®- ®- 9 @ D Jump to End O
|E11 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
Dv Delivery Table Controls
Maneuver Det. Executed Total Lt

Name I Epoch Mnvr

I Mean | Distribution I 90 I 95! I 99 ISigma Determinislicl Executed

F/yby E11 = EUrOPA - Date - XXX km - XXX km/s

[[encu | | [ v— | N

[ T T T 1

Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz

| E12-TRG IzB JUN 202\[ 79862 I _I 79913 /\/\l a7275|59033I 9.293. I 0.6702. I 905.5029 ] 877.2878

[(E12-aer | [ | — | N

I I N

F/yby [E12 :: EUROPA - Date - XXX km - XXX km/s

[Cercu | | [ |

Encounter E13-TRG :Date-Cartesian X, ¥, Z, Vx, Vy, Vz

[[E137ra | | | — | A

| E13-aer | | [ — | A

D

Bar Chart Toggles
[x] 90.0

M [x]95.0

B [x]99.0
[ ] Executed DV

> Auto-updating

> Bolded lines for trajectory in start/stop time
> Flybys and bodies in different color
> Rest of trajectory in light color
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Porter Organization: Overview Mode Example

O Jump to Start < | L 2 g @ g g | D Jump to End O

o— o ~ > Py
|E71 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
bV Delivery Table Controls
Maneuver Det. Executed Total Ly
@E13-TRG Name I Epoch | Mnvr :I Mean | Distribution I 90 I 95 I 99 I Sigma Determinislicl Executed IZI
@FE12-TRG F/yby E11 = EUrOPA - Date - XXX km - XXX km/s
E13-APP £15 app @FE1-TRG [[encu | [ [ — [ A~ [ [ [ [ I |
@ @ EN-APP
o E12 1 Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz
... | E12-TRG IzB JUN 202\[ 7.9862 I _I 7.9913 /\/\l 87275 I agoazl 9293, I 0.6702. I 905.5029 ] 877.2878 |
_ 5 -
[eamnl T 1 [ AL T T T 1 1 |
@FE13-cU Flyby E 12 = EUROPA - Date - XXX km - X.XX km/s
[Lercu | [ [ m— ] —[ [ [ T 1 I |
Encounte/‘ E 73_ TRG ::Date - Cartesian X, Y, Z, Vix, Vy, Vz Bar Chart Toggles
[x] 90.0
[eztre | | | — | A | | | [ | | ] [:]95,0
| E13-aer | | | ——— | Anl | | | | | | M X1990
[ ] Executed DV

Exec. Mag. M.C. Dist. Glyph _—

> Quickly assess the distribution of the
executed maneuver Monte Carlo samples for a
given maneuver.




Porter Organization: Overview Mode Example

O Jump to Start < | L 2 g @

@ | D Jump to End O

@E13-TRG
@E12-TRG

E13-APP £15 app @FE1-TRG

@ @ EN-APP

E13 E12 £44
@20®
E11-CU
E12-CU
@E-cU

Name I Epoch Mnvr I Mean | Distribution I 90 I 95 I 99 ISigma Determinislicl Executed

F/yby E11 = EUrOPA - Date - XXX km - XXX km/s

[encu | [ o] | ] ~ [ T T ] | |

Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz
| E12-TRG IzB JUN 202\[ 7.9862 I _I 7.9913 /\/\l 87275 I agoazl 9293, I 0.6702. I 9055029 ] 877.2878 |

[er2nem | [ [ o | ] AL [ T T 1 I |
F/yby [E12 :: EUROPA - Date - XXX km - XXX km/s

[e2cu | [ [ o ] —[ 1T T T 1 | |

Encounter E13-TRG :Date-Cartesian X, ¥, Z, Vx, Vy, Vz

[[erz-Tre | | | — | A | | | [ | |
IEEE [ [ e—— ] PN I I [ |

Bar Chart Tools

> Select which bar charts (Not
Stacked Bars) options to see

> When toggling between % or #, the
chart units will also change.

A PN ~ ~ °
|E11 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
bV Delivery Table Controls
Maneuver Det. Executed Total Eormat

D

Bar Chart Toggles
[x] 90.0

M [x]95.0

B [x]99.0
[ ] Executed DV
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Porter Organization: Overview Mode Example

O Jump to Start < | L 2 g @

Table Controls

> Different filtering options to highlight data
> Show data by actual number or a percentage
w.rt. deterministic value (if applicable)

@E13-TRG
@E12-TRG

E13-APP £15 app @FE1-TRG

@ @ EN-APP

E13 E12 £44
@20®
E11-CU
E12-CU
@E-cU

Name I Epoch

Mnvr

I Mean | Distribution I 90 I 95 I 99 ISigma

Determinislicl Executed

F/yby E11 = EUrOPA - Date - XXX km - XXX km/s

[[encu |

|

Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz

| E12-TRG IzB JUN 202\[ 7.9862 I _I 7.9913 /\/\l 87275 I agoazl 9293, I 0.6702. I 9055029 ] 877.2878

[er2nem | [ [ o | ] AL [ T T 1 I
F/yby [E12 :: EUROPA - Date - XXX km - XXX km/s

[e2cu | [ [ o ] —[ 1T T T 1 |

Encounter E13-TRG :Date-Cartesian X, ¥, Z, Vx, Vy, Vz

[[E13TRa |

A

| E13-aer |

ol

A PN ~
|E11 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG = ===
bV Delivery Table Controls
Maneuver Det. Executed Total Eormat

D

Bar Chart Toggles
[x] 90.0

M [x]95.0

B [x]99.0
[ ] Executed DV
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Porter Organization: Overview M

> Click on value to see overlay chart like

below for cumulative DV up to that maneuver:

Cumulative Deterministic DV

Executed DV

DeterministicDV

nde Fxamble

Total DV

| L .
Jump to Start L 2 g @ g @ g nd o o S Jump to End
O < [E11 EM-cu  E12-TRG E12-APP E12 E12-CU E13-TRG == = > O
DV Delivery ! Table Controls
Maneuver Det. Executed Total Eormat

@E13-TRG
@E12-TRG

E13-APP £15 app @FE1-TRG

@ @ EN-APP

E13 E12 £44
@20®
E11-CU
E12-CU
@E-cU

Name I Epoch Mnvr

I Mean | Distribution I 90 I 95! I 99 ISigma Determinislicl Executed

F/yby E11 = EUrOPA - Date - XXX km - XXX km/s

[[encu | | [ v— |

|

[ T T T 1

Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz

| E12-TRG IzB JUN 202\[ 7.9862 I _I 7.9913 /\/\l 87275 I agoazl 9293, I 0.6702. I 9055029 ] 877.2878

[er2nem | [ [ o | ] AL [ T T 1 I
F/yby [E12 :: EUROPA - Date - XXX km - XXX km/s

[e2cu | [ [ o ] —[ 1T T T 1 |

Encounter E13-TRG :Date-Cartesian X, ¥, Z, Vx, Vy, Vz

[[E13TRa | | [ — I

A

| E13-aer | | [ — |

ol

D

Bar Chart Toggles
[x] 90.0

M [x]95.0

B [x]99.0
[ ] Executed DV
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Porter Organization: Overview Mode Example

Mean DV Distribution

> Check for normality, variance

> Quickly identify outliers

°- |

@ @ EN-APP
E12
E13° . SEMN
@20®

EN-CU
E12-CU

@E3-CU

O Jump to Start 4 | L 2 g @ g @ g nd g -2- D Jump to End O
|E11 EN1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
DV Delivery Table Controls
Maneuver Det. Exe cuted Total Lo
@E13-TRG Name I Epoch Mnvr }_ B”ﬂ" ‘3.6;i|e.wl Mean | Distributith I 90 | 95 I 99 I Sigma Determinislicl Executed D
@Et2Ine F/yby E11 = EUrOPA - Date - XXX km - XXX km/s
Filter & Highlight
E13-APP g15 app @E1-TRG [encu | [ o] | | ~ T T 1 [ | |

Encounter E12_ TRG ::Date - Cartesian X, Y, Z, Vx, Vy, Vz

| E12-TRG IzB JUN 203\[ 79862 I

—I 79913 /\/\l a7275|59033I 9.293. I 0.6702. I 905.5029 ] 877.2878

1 |]ladlal

[(Er2-aer | | | — | N

[ T T T 1

F/yby E12 = EUROPA - Date - XXX km - X.XX km/s

[ E2cu | | E———H =

=

Encounte/‘ E73_ TRG ::Date - Cartesian X, Y, Z, Vix, Vy, Vz

Bar Chart Toggles

[x] 90.0
[eztre | | | — | A | | | [ | | ] [i)as,o
| E13-aer | | [ — | A | | | | | M X1990

[ ] Executed DV
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Porter Organization: Detailed Mode Example

A I
O Jump to Start 4 * @ € B- @ @ g g @ D Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU I
E12-TRG Delivery I Mnvr. DV OD Cov. Capel Plots
Epoch:  28-JUN-203118:16:13 ET Plots
[X] B'RB*T
Deterministic Mag.: [1SRS'T E12-TRG BR BT Sample Points
Executed Mag.: [1cs —1000 z
[ JLFT .
Cumulative Deterministic Mag.: —980 - 7 1
Cumulative Executed Mag.: Plot Tools .
Current Encounter Target: Europa m?r::: ';Zy;:::zfj;::;:s —960 - T° - 9 o
Next Encounter Target: E-13 TRG .
[x] Plot 1- Sigma Ellipse —940 1 T _|

(or other important high level info.)

[ ]Plot 2 - Sigma Ellipse
[ 1Plot 3 - Sigma Ellipse

@E-TRG
@E12TRG
E13-APP £15 App @FE1-TRG
©® @ Et-APP
13 EJ2En
L 1]
E11-CU
E12.CU
@EBCU

[ ]Show Density Plots
[x] Show Sample Points

Delivery Properties

Impact Probability
SMA

SMIA

Theta

X-Offset

Y-Offset

C3

LFT

n
(o]
S
e
os]
Q
=

—920

—900 -

—880

—860

-840

—-3300 -3275 -3250 -3225 -3200 -3175 -3150 -3125 -3100

Jeg |04
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Summary Section

> Has high level quick info on maneuver

> Has maneuver strategy type, next enc. info,

etc.
> Open to suggestions for info here!

ation: Detailed Mode Example

b I
O Jump to Start <I * @ € B- @ @ g g @ D Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
E12 TRG Delivery I Mnvr. DV OD Cowv. Capel Plots
Epoch:  28-JUN-203118:16:13 ET Plots
[X] B'RB*T
Deterministic Mag.: [1SRS'T E12-TRG BR BT Sample Points
Executed Mag.: [1cs —1000
[ JLFT
Cumulative Deterministic Mag.: —-980 1
Cumulative Executed Mag.: Plot Tools
Show Pre-M Sampl J e o
Current Encounter Target: Europa }:} sr::: P':S',bj::::‘zr S:"::;; -960 -
Next Encounter Target: E-13 TRG »n
i i i [x] Plot 1- Sigma Ellipse
(or other important high level info.) { 1Pt 2 - Sigma Elipse -940 4——- o Q
[ ]Plot 3 - Sigma Ellipse i F o
[ ]Show Density Plots —920 [vs)
@E13-TRG [x] Show Sample Points 0
=
@t12R6¢ 0000 | —900 ry
Delivery Properties
E13-APP EN-TRG ~ ]
® 22'21":1” * Impact Probability 7] 8801 ¢ @@
SMA Q
e13EI2En SMIA o -860
[ 1 L] Theta -
Emcu o Sl & -840 -— , ; ; ; : ! ! !
5o Y-Offset - -3300 -3275 -3250 -3225 -3200 -3175 -3150 —3125 -3100
@E3-CU c3
LFT
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Porter Organization: Detailed Mode Example

A I
O Jump to Start < * @ € B- @ @ g g @ D Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU I
E12 TRG Delivery l Mnvr. DV OD Cowv. Capel Plots
Epoch:  28-JUN-203118:16:13 ET Plots
[X] B'RB*T
Deterministic Mag.: [1SRS'T E12-TRG BR BT Sample Points
Executed Mag.: [1cs —1000
[ JLFT
Cumulative Deterministic Mag.: —-980 1
Cumulative Executed Mag.: Plot Tools
Current Encounter Target: Europa }:} ?r::: ';Zy;:::xj;::;; —-960 o
Next Encounter Target: E-13 TRG »n
i i i [x] Plot 1- Sigma Ellipse -
(or other important high level info.) [1Fict2. Sia Chpse —9404 - Q
[ ]Plot 3 - Sigma Ellipse i o
[ ]Show Density Plots —920
@E13-TRG ™ St Sampl: Points E
=
@E12-TRG —900
Delivery Properties
E13-APP EN-TRG ~ ]
P 22'21":&” * Impact Probability 17, 880 °
SMA Q
e13E12En SMIA o -860
[ 1 L] Theta -
By X-Offset o
o ora o -840 r T T T , : : . -
= -3300 -3275 -3250 -3225 -3200 -3175 -3150 -3125 -3100
Delivery Plot Tools & Data FT

> Select type of plot

> Select overlays for information

> See scatter with BR BT and colorbar of C3,
LFT, or SR/ST mag values.

> Question: Do you want these plots to be
interactive?




Porter Organization: Detailed Mode Example

v
O Jump to Start < * @ € B- @ @ g g @ | D Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU I

Delivery l Mnvr. DV OD Cowv. Capel Plots

Epoch:  28-JUN-203118:16:13 ET Plots
[X] B'RB*T
Deterministic Mag.: [1SRS'T E12-TRG BR BT Sample Points
Executed Mag.: [1C3 -1000 z
[ JLFT
Cumulative Deterministic Mag.: -980 1
Cumulative Executed Mag.: Plot Tools
3 [x] Show Pre-Maneuver Samples -5 d a
Next Encouner Target £43 TR it 960
f ot i [x] Plot 1- Sigma Ellipse &
(or other important high level info.) [ Plot 2 - Sigma Elipse —940 1=
[ ]Plot 3 - Sigma Ellipse
[ ]Show Density Plots —920
@E13-TRG [x] Show Sample Points
@E12-TRG —900
Delivery Properties
E13-APP g1 @ENTRG o —880
® 22 g‘:ipp Impact Probability 7] L
SMA Q
e13EI2En SMIA o -860
[ 1 L] Theta -
E11-CU X-Offset E _840
:‘:ﬁ;u z-g"se' - -3300 -3275 -3250 -3225 -3200 -3175 -3150 —3125 -3100
LFT

Jeg |04

Delivery Plots

> Choose between scatter and density plots

> Plot pre and post maneuver data

> Plot ellipse data

> Plot non-spatial distributions like C3 and LFT




Porter Organization: Overview & Detall

O Jump to Start 4 | - - - D Jump to End O
|E11 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
bv Delivery Table Controls
I Maneuver | Det. | Executed Total |

@E13-TRG
@E12-TRG
E13-APP £15 app @FE1-TRG
® @ E1APP
E13 E12£4q
P L]
Ef-CU
E12CU
@Ef3-CcU

| 95 | 99 |S\gma|Delerm\ms(lc| Executed |

EUROPA - Date - XXX km - X.XX km/s

Flyby E11

[encu | | IE== A~

[ T T T [ 1

Encounter E12-TRG :Date- Cartesian X, ¥, Z, vx, Vy, vz

[Erzre [owaon] 7osez |

[ [soon s [ooma | oo |

| Ez-aer | | | — | |

T 1T 1 |

F/yby [E12 : EUROPA - Date - XXX km - XXX km/s

—

[ercu = I

Encounter E13-TRG :Date- Cartesian X, ¥, Z, Vx, Vy, Vz

Switch between

multi-maneuver and

single maneuver
analysis.

IEEE| [ _ Al T T 17 | v |
E13-APR
[ I I [ ol [ I I O Jump to Start 4 - - - - {> Jump to End O
| E1 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU I
E12-TRG Delivery | Mnvr. DV OD Cov. | Capel Plots
Epoch:  28-JUN-203118:16:13 ET Plots
D BRBT
Deterministic Mag. [1S'RS'T E12-TRG BR BT Sample Points
Executed Mag.: [1cs ~1000
[ILFT
Cumulative Deterministic Mag. _980
Cumulative Executed Mag.: Plot Tools
Current Encounter Target: Europa e ol -960 re
Next Encounter Target: E-13 TRG T
(]Plot1- Sigma Elipse s
(or other important high level info.) e el —9404 - = o)
[ 1Plot 3 Sigm Elipse 8 'F s
[ ]Show Density Plots -920
@E1R2TRG -900 o
Delivery Properties
y ENTRG = d
2 ‘:’ g"‘s“’;f’m, » Impact Probability 8801 ¢ @@
e SMA
E13 EN SMIA -860
se® Theta
Ency X-Offset <
®gE17<Y Y-Offset -3300 -3275 -3250 -3225 -3200 -3175 -3150 -3125 -3100
@EBcU c3
LFT




Example Use Case

> Review Europa Clipper tour LAMBIC file to find maneuvers with outstanding DVs

> Exploring detailed maneuver-specific result components
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Step 1: Review EC Data

| 2029 2030 2031 2032 2033
DV | Delivery | Table Controls
i} Maneuver Det. Executed Total o
Name I Epoch Mnvr Burn %-ile Mean | Distribution | 90 | 95 | 99 I Sigma | Deterministic Executed % #
Exec W os.o W90 ]
JOI-APR1 O . N\
JOI-TRG2 |- /\ Filter & Highlight
JOI-TRG3 [ e
Flyby GO : GANYMEDE - Date - XXX km - X.XX km/s
| Jol D . A~
Y | Jol-CU1 - P 1
7] Jolcu2 =G N [
.
Encounter PRM : Date - Cartesian X, Y, Z, Vx, Vly, Vz
PRM ol | | N
ERMCU — AN Bar Chart Toggles
PRM-CU2 [ T - VAN [x] 90.0
G1-APR1 =l N~ M [x]95.0
G1-APR2 g | | N\ B [x] 99.0
[ ]Executed DV




Step 2: Find a Maneuver of Interest

|
2033 DO

2030 2031 2032
DV Delivery Table Controls
Maneuver Det. Executed Total Format
Name | Epoch Mnvr

Burn %-ile Mean | Distribution | 90 | 95 | 929 |S|gma
Exec. Woso W0

Deterministic

Executed

JOI-APR1 ol 1] SN
JOI-TRG2 = ]| s Filter & Highlight
JOI-TRG3 it 2N
Flyby GO : GANYMEDE - Date - XxX km - XXX ks
™ | .
Jol-cut ] T i =z
Jol-cu2 |- 7
EnCOunter PRM i Date - Cartesian X, Y, Z, Vx, Vy, Vz E
PRM oy 1] A
e = SAL Bar Chart Toggles
PRM-CU2 17 (. A e
G1-APRI =T ~ B X950
G1-APR2 1 —— ~— M (x990

[ ]Executed DV

% XXX




Step 2: Find a Maneuver of Interest

2030

2031 2032

>0

2033

DV | Delivery I

Maneuver Det. Executed

Total

Table Controls

Format

Name | Epoch Mnvr Burn %-ile | Mean | Distribution | 90 I 95 | 99 ISigma

Exec. 900 950 M990

Deterministic

Executed

F/yby E11 - EUROPA - Date - XxX km - XXX km/s

%| | #

Filter & Highlight

[ Encu | [ | i | ~ [ | ]

Encounter E12_ TRG :: Date - Cartesian X, Y, Z, Vx, Vy, Vz

E12-APR I N

F/yby [E12 : EUROPA - Date - XXX km - XXX km/s

[ercu | ERE__T R — O [ |

Encounter E13_ TRG :: Date - Cartesian X, Y, Z, Vx, Vy, Vz

E13-TRG = L] Lo

E13-APR | £ A

LH L
AN

0 2%

Bar Chart Toggles
[x] 90.0

B [x] 95.0

B x]99.0
[ ]1Executed DV
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Step 3: Assess DV Stats.

@ @ EM-APP
E12 ®
E13 EN
@00

EN1-CU
E12-CU

@E13-CcU

Encounter E12- TRG :: Date - Cartesian X, Y, Z, Vx, Vy, Vz

E12-TRG

28-JUN-2031

7.9862

7.9913

87275

VAT

8.9033.

9.293.

0.6702.

905.5029

877.2878

E12-APR

A

F/yby E12 : EUROPA - Date - XXX km - X.XX km/s

[ En-cu |

—]

Encoun ter E13_ TRG :: Date - Cartesian X, Y, Z, Vx, Vy, Vz

E13-TRG

S

E13-APR

TAV-N

O Jump to Start 4 g g * 8- L @ ® Jump to End O
E11 EN1-CU E12-TRG E12-A 2P E12 E12-CU E13-TRG E13-APP E13 E13-CU
DV | Delivery | Table Controls
Maneuver Det. Executed Total Format
@E13-TRG Name Epoch | Mnvr Burn %ile_ | Mean | Distribution | 90 | 95 | 99 | Sigma Deterministicl Executed ol |#
Excc. 500 o950 99.0. 0
@E12-TRG F/yby E11 = EUROPA - Date - XXX km - XXX km/s
E13-APP g1p apP @E11-TRG [ encu | | | — | A~ |

Bar Chart Toggles
[x] 90.0

W [x]95.0

B [x] 99.0
[ ] Executed DV




Step 4: Assess Delivery Stats.

O Jump to Start <‘|—. LS @ @ - ® ® @ re @ | > Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
DV | Delivery | Key: | B-Plane | Cartesian Table Controls
Format
Maneuver Impact Delivery Properties
i3 TRG Name Epoch Prob. Gaussian SMA | SMIA | Theta m:e[ O"Ze[ Ellipse ; ! %| |#
. Mean X Mean Y | Mean Z | Mean Vx Mean Vy Mean Vz
@E12-TRG I | Filter & Highlight
E13-APP I Il
e [ 1 [ T T T T 1 | 12
J
E13 E1.2 .E11 I | | \/1\, A
b E12-TRG N
E"'CUE12_CU E12-APR (= X
@E13-cU | I

[ e2cu | [ [ 1T T [ | |

Bar Chart Toggles

[ | x]90.0

W [x] 95.0

E13-TRG e B [x] 99.0
E13-APR C) [ ] Executed DV

N




Step 5: See Delivery Details

O Jump to Start q o 0> g B ® @ ® Jump to End O
E1 E1-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU
E12-TRG Delivery I Mnvr. DV OD Cow. Capel Plots
Epoch:  28-JUN-203118:16:13 ET Plots
[X]B'RB'T
Deterministic Mag.: [ 1S'RS'T E12-TRG BR BT Sample Points
Executed Mag.: [1c3 —1000 :
[ JLFT .
Cumulative Deterministic Mag.: -980 4 k|
Cumulative Executed Mag.: Plot Tools .
5 [x] Show Pre-Maneuver Samples o e '9 B
Current Encounter Target: Europa oo Pk ianatar Shbias 960
Next Encounter Target: E-13 TRG ; w
i i i [x] Plot 1- Sigma Ellipse .
(or other important high level info.) [ ]Piot2 - Stama Bilpse 940 1= Q
[ ]Plot 3 - Sigma Ellipse C_J
[ ] Show Density Plots —920 4 vs)
@E13-TRG [x] Show Sample Points =
=
@E12TR6 0 | —900
Delivery Properties
E13-APP @EM-TRG N |
° 22'21':5\” Impact Probability wn 8801 ¢ @@
SMA o
E13 E12 £11 SMIA o —860
[ 1 24 Theta -
EN-CU X-Offset g’
E12.CU o o -840 : : : : ; : - : :
-3300 -3275 -3250 -3225 -3200 -3175 -3150 -3125 -3100
@E13-cU c3
LFT

N

|l




Step 5: See Delivery Details

v
O Jump to Start 9 - - - - —® 12 2 2 Jump to End O
E11 E1N-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU
E12-TRG Delivery I Mnvr. DV OD Cowv. CapelPlots |
Epoch:  28-JUN-203118:16:13 ET Plots E12-TRG Density Plot
[x] B*R B*T
Deterministic Mag.: [ 1S'RS'T oo X
Executed Mag.: []C3 .
[ JLFT i
Cumulative Deterministic Mag.: 2700+
Cumulative Executed Mag.: Plot Tools S
[ ]Show Pre-Maneuver Samples = .
Current Encounter Target: Europa [x] Show péstAMan::V;, Samples 2
Next Encounter Target: E-13 TRG 3
(or other important high level info.) [ Blot1-Slgma Flipse = %
[ ]Plot 2 - Sigma Ellipse E Q
[ ]Plot 3 - Sigma Ellipse = o
& 28204 —
[x] Show Density Plots =z
.E13-TRG [ iShow Sample Points g
2840 —
@E12-TRG
Delivery Properties -
E13-APP_g£15 app @EN-TRG »
Impact Probability wn
@ @ E1-APP SMA o sl
13 E12En SMIA o .
[ 114 Theta =
EN-CU X-Offset g ' 19 10% 110 o i 120 w0
E12-CU Y-Offset = B*T (km)
@E13-cU C3
LFT KDE Bandwidth —@————

Z0



Step 5: See DV Detailed Data

v
O Jump to Start < L - L 2 @ L 2 ® L @ ® | D Jump to End O
E1 EM-CU E12-TRG E12-APP E12 E12-CU E13-TREG E13-APP E13 E13-CU |
E12-TRG Delivery Mnvr. DV OD Cov. Capel Plots
Epoch:  28-JUN-203118:16:13 ET
Deterministic Mag.: Mag. Cum. Cmd | Executed |
Executed Mag.: ko] M
< can Executed DV Distribution Plot
Cumulative Deterministic Mag.: % Sigma .
Cumulative Executed Mag.: g| 90 b =
Ef o5 |
Current Encounter Target: Europa Ol 99
Next Encounter Target: E-13 TRG \
: ioh level o, o
(or other important high level info.) 2 Noan . Y
3| sigma J\/l \\,\1
O |
@E13-TRG nl 90 A A A R A R
95
@E12-TRG 99 KDE Bandwidth —@——————  Num Bins.
E13-APP £13 APP @EN-TRG 2| Mean
@ @ E1APP L Sigma Gaussian Parameters
Goodness of Fit:
E13E12En % Skew
000 95
EN-cU 99
E12-CU
@E13-cU




Step 6: See Capel Plots

v

Jun-21-2031  Jun-23-2031 Jun-25-2031 Jun-27-2031 Jun-29-2031  Jul-01-2031  Jul-03-2031  Jul-05-2031
ET

O Jump to Start 4 et > @ O 8 & @ - ® D
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
EI12-TRG Delivery I Mnvr. DV OD Cow. Capel Plots
Epoch:  28-JUN-203118:16:13 ET ] Capel Plot : BR'BT I v |
Deterministic Mag.: T
Executed Mag.: o gg'}
5000.0
Cumulative Deterministic Mag.:
Cumulative Executed Mag.:
Current Encounter Target: Europa 4000.0
Next Encounter Target: E-13 TRG
(or other important high level info.)
3000.0 =
& i
@E13-TRG £ S 2
@E12-TRG 2000.0 ﬁ :
-
b "
E13-APP £15 app @ENTRG & Q
- 1000.0 4 D
® @ E-APP 5 ..21
E12 - 0
E13 = ~EM \
000 o b
0.0 - \a
EN1-CU )
E12-CU = =
@E3CcU

30



Step 6: See Capel Plots

v

> Jump to End O

O Jump to Start 4

E11 E1-CU E12-TRG

& g @ d e
E12-APP E12 E12-CU E13-TRG E13-APP

d °
E13 E13-CU |

E12-TRG

Epoch:  28-JUN-203118:16:13 ET

Deterministic Mag.:
Executed Mag.:

Cumulative Deterministic Mag.:
Cumulative Executed Mag.:

Current Encounter Target: Europa
Next Encounter Target: E-13 TRG
(or other important high level info.)

@E13-TRG
@E12-TRG
E13-APP g5 app @EN-TRG
©® @ EN-APP
E13 E1Z £
ese®
E11-CU
E12-CU
@E13-CU

BDR LFT Al gle
BDT LFT Ai gle

BDR BDT £ igle

Ellipse SMA and SMIA

v OD Cowv. Capel Plots

BDR BDT Plane and LFT Angle

2000.0

1000.0

\

0.0

E11l: 21-JUN-2031,12:59:02 H

|

E12 : 05-JUL-2031 17:53:59 E

Jun-21-2031  Jun-23-2031 Jun-25-2031  Jun-27-2031  Jun-29-2031  jul-01-2031
ET

Jul-03-2031  Jul-05-2031
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Step 6: See Capel Plots

v l
O Jump to Start 4 & o @ L & =2 ® @ ® > Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |
Back
E12-TRG Delivery | Mnv.Dv [ op cov | capelPiots
Epoch:  28-JUN-203118:16:13 ET I Capel Plot : BDR BDT Plane and LFT Angle I AV I
Deterministic Mag.: Angles between Plane of BDR|BDT and LTF
Executed Mag.: T
Angle between BDR|BDT plane and LTF |
Cumulative Deterministic Mag.: 75.0
Cumulative Executed Mag.:
Current Encounter Target: Europa =0
Next Encounter Target: E-13 TRG
(or other important high level info.) 25.0
o E __/ E
@E13-TRG g oo 4 L 2
a @
@E12-TRG % N s
2 a
o
E13-APP 45 app @EN-TRG 560 3 o
@ @ EAPP 5 5
E12 N 3
E13° SEN g +
000 -75.0 - o
E11-CU = =
E12-CU ! .
Jun-21-2031  Jun-23-2031  Jun-25-2031 Jun-27-2031  Jun-29-2031  ul-01-2031 Jul-03-2031 Jul-05-2031
@Ei3Ccu =




Preliminary Feedback

e Maneuvers vs. Encounters: How engineers think of mission data

e Plotting Specifics: Modifying existing views to account for common analysis practices
o Delivery scatter, density, or hybrid distribution plots
o  Multiple capel plots
o Side by side plot viewing in detailed screen mode

e Seeing candidate plots lead to conversations on alternative views to include

e Table data or visualization exports for reports and presentations
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Follow on work
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Implementing the Current Design Prototype in Code

cU2  08:43:22
FT

Timeline
DV Delivery
Maneuver Deterministic Executed Total
Name Epoch  Enc.  ManeuverDV Brn%  MeanDy Distribution 90 95 9 Sigma Deterministic Executed
oo g::gp“- (18D
:PR- 07-47:25 Go vis) 7 (TBDVIS) X 14028: 0.0078371 7
ET
02-JUL-
Joi-
2029 (T8D
;RG 08:43:22 GO 0 vis) (TBDVIS) 15596
ET
ot ;:Azs:p (T8D
;R(} 08:43:22 Go I vis) (TBDVIS) 14869241775 0.003778253915986964
ET
30-SEP-
2029 (TBD
Joi 08:43:22 PRM 0.7588785921089877 VIS) 0.7589059149835927 (TBDVIS) 0.7621468660332127 0.7631714175211253 0. 0. 0.
ET
03-0CT-
Joi- 2029 (8D
U1 08:43:22 PRM o vis) 0.007339206059557658 (TBD VIS) 0.0049501: 0.007338 0.
ET
15-0CT-
Ol 212 PRM 0 e 199901425 (TBDVIS) 07701143797711365

https://github.jpl.nasa.gov/pages/jamoore/porter_prototype/
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Feedback On Specific Features and Views

Delivery Contour Plots

1204
&
e 1104
2
=}
O 100
1,300 g)go-
=}
g
2 a0-
£
o ]
E 70
<
¢ -
mLJ
50 <
0
-
1,340 20 4
10
o
. N3
T P ) T T KR AR AR N

Variable value

https://github.jpl.nasa.gov/pages/jamoore/impact_contour_plots/

&

Scalar MC Distributions

$ & &
AR

: 0.10
F0.09
I-0.08
F0.07
-0.06
0.05
- 0.04
003
0.02
-0.01

r0.00

https://github.jpl.nasa.gov/pages/jamoore/histograms/

Jad 9a3
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https://github.jpl.nasa.gov/pages/jamoore/impact_contour_plots/
https://github.jpl.nasa.gov/pages/jamoore/histograms/

Future Development Goals

Focused design work to ensure designers needs are met

Building out segments of the Interface Ul for mini-user studies as
views mature.

Extending JSON development to include additional maneuver data
products (Capel, Flybys, etc.) to simplify review and visualization of
LAMBIC data

Bulk export functionality

General program robustness to multiple flight project needs
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Thank you for Attending!

Jimmy Moore
University of Utah
School Of Computing
jamoore@jpl.nasa.gov

O < Efl EN-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13E13-CU | > o
DUB| Delivery Table Controls
[ wanewer ot | Exccuted Total | Eomat
ecor e T e EE e e e
@FE12TRG Flyby ET1 = EUROPA - Date - xo0Xkm - XXX km/s
il Hiight
E13-APP £12 app @ENTRG [emcu T | IE=3 | | | [T I | ] 1
P 10T
e e
E13°2EH [
280
R | M
3 Jump to Start - Jump to End
@ET-CU F/yby E12 : EuroPA - Date - O LELS, [ef1 Encu E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13E13-CU | $> s O
i
E12-CU [—
Delvery | Mwviov [ obcow [caperPs| 7]
3 | | E12-TRG
Encounter E13 TRG Epoch:  28-JUN-203118:16:13 ET Plots.
-1 | [X]B'RB'T
Ll E12-TRG BR BT Sample Points
E13-APR )| Executed Mag. -1000 5
C 980
c
C 960 .
N
for 940 Q(,”
S
920 @
e g
e 00
QTR Impact Probability “ 580,
MA g
SMiA S 860
Theta =
Xoket ? o
Z’?"“ = -3300 -3275 -3250 -3225 -3200 -3175 -3150 -3125 -3100
T

Cal. Poly Pomona
Aerospace Engineering
rohan.d.patel@jpl.nasa.gov

Jeff Stuart & Sonia Hernandez

Section 392

Mission Design & Navigation

Basak Ramaswamy
Section 397
Human Centered Design Groéi‘)




Additional Visual / Interactive Elements



Percentile Burn plots

1. Is representing executed maneuvers (and its associated sigmas)
with respect to the deterministic value of interest?

2. When evaluating maneuvers (like Clipper’'s TRG or CU) are you
interested in looking at the executed maneuver magnitude with
respect to other similar maneuver types?

(%)
+5 +10. #15.+20

E12-TRG
E12-APP
E12-CU
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Capel Plot Views

O Jump to Start q ® 0> 2 @ ® 2 @ L 2 - | > Jump to End O
E11 E11-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU I
E12-TRG Delivery | Mnvr. DV | OD Cov. | Capel Plots
Epoch: 28-JUN-203118:16:13 ET | Capel Plots : Multiple Stacked Ijl
Deterministic Mag.: B 1T T T E T T T T B TT — onviepiute
Executed Mag.: . 1 g § i — BT Magntude
=] =
Cumulative Deterministic Mag.: o \ B e S
Cumulative Executed Mag.: 10° ]
10! ]
Current Encounter Target: Europa L 18 3 i E . iE i LE ] LE 1]
Next Encounter Target: E-13 TRG - amm o i aRam aRan @ @Ras @nom @nm
or other important high level info. e 3 3
( P g ) o A - - 3
100
— sAaT Angle
@E13-TRG B i
wo
@E12TRG el | R
-~ 0000 0000 00:00 00:00 0000 0000 00-00 00:00 00:00
y S a7 azam amm @2 @ @msn1 e @nos @nam
E13-APP £10 app @EN-TRG E 3
® @ E1-APP woi—f
E12 =
E13 EN vy o (RS | SN— S
... 2 300 \'
EN-CU it
E12-CU L  plane(B R+ BTIATF angle
@E3-CU oo 0000 0000 00:00 0000 00:00 000 00:00 0000 00:00
omm e anm @ @ Preeh Pronn @nom @i
~




Capel Plot Views

x |

O Jump to Start 7 ° TS - —e TS TS o>—o
E1 EM-CU E12-TRG E12-APP E12 E12-CU E13-TRG E13-APP E13 E13-CU |

D Jump to End O

Delivery Mnvr. DV OD Cow. Capel Plots
E12-TRG | E

Epoch: 28-JUN-203118:16:13 ET | Capel Plots : Multiple Side by Side I v I

Deterministic Mag.:
Executed Mag.:

: o BDR/BDT/LTF angles Angles between Plane of BDR|BDT and LTF
Cumulative Deterministic Mag.: T T
Cumulative Executed Mag.: 1s0 | T ERALIFangle | Angle between BDRIBOT plane and LTF
—— 80T LTFangle 70
Current Encounter Target: Europa 500
Next Encounter Target: E-<13 TRG 500
(or other important high level info.) 435
> 250
1000 o . / i
@E13-TRG = - 8 w
& S N e | e 2
750 F @ & E
n w k4 "
E12-TRG ] @ a @
® B & el |8 &
f=§ - t=4 -
s00 b n
2 g g g
E13-APP g5 app @EN-TRG 2 3 so0)i—|2 I}
® @ ENAPP ol (= 2 B 2
12 ~ 3 ~ 3
" o 5 & s
E13 EM 00 o o o
(1 1] o o t
Eﬂ—CUEQ-CU Jn-21-2031  pn-23-2031 Jun-25-2031 Jun-27-2031 Jun-28-2031  Juk01-2031  jul03-2031  Jul05-2031 212031 Jn-23-2031  Jun-25-2031 Jun-27-2031 Jun-29-2031 uk01-2031  Jul03-2031  jul-05-2031
€7 €

@Eicu




Univariate 1D views For visualizing Monte Carlo data

M |
O R <+ T EN E12-TRG E12-APP E?2 E12-CU = E13 I D i O

Deliver I Mnvr. DV OD Cov. Capel Plots
E12-TRG id z
Epoch: 28-JUN-203118:16:13 ET Plots
XIBRB'T
Deterministic Mag. [IS'RS'T E12-TRG BR BT Sample Points
Executed Mag.: [ics —1000 7
[ JLFT
Cumulative Deterministic Mag.: _980

Cumulative Executed M: Plot Tools
. - Pre-post-Mnvr plots (C3, LTOF)

Next Encounter Target: E-13 TRG

v
] ot 1- Sigma ElipS .
(or other important high level info.) b il 9401 - 4
[ Piot 3. Sigma Ellpse o
Show Density Plots. -920 @ H H ;
Eo2 TG It g Distribution
-900
Delivery Properties
Impact Probability I U
SMA
SMIA -860
Theta
X-Offset _ga0
Y-Offset -3300 -3275 -3250 -3225 -3200 -3175 -3150 -3125 -3100
c3
LFT

Nominal Value

- Pre-mnvr Post-mnvr

Plotting 1D data as histogram to show shape of MC
results, visually verify normality, and Pre- and Post-
MNVR changes
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Detail Views : Exploring Delivery Data

Impact I Mnvr. DV | OD Cow. |Capel Plotsl

Plots
[x]B'RB'T )
[1SRS'T

[1cs >
[ JLFT .

2780

Plot Tools

[ 1Show Pre-Maneuver Samples
[x] Show Post-Maneuver Samples
[x] Plot 1- Sigma Ellipse A0
[ 1Plot 2 - Sigma Ellipse
[ ]Plot 3 - Sigma Ellipse

B*R (km)
8

[x] Show Density Plots
[ ]Show Sample Points
2840

Delivery Properties

Impact Probability
SMA

Theta

E12-TRG

leg ||012S

Pre-Mnvr distrobution

B Post-mnvr distrobution

X-Offset
Y-Offset

c3
LFT KDE Bandwidth —@————

v
o)
Q
SMIA o .
og)
o))
=

B*T (km)

Impact Plotting Tools

> Select type of plot

> Select overlays for information

> See scatter with BR BT and colorbar of C3,
LFT, or SR/ST mag values.

> Question: Do you want these plots to be
interactive?
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2D Scatter Plot distributions
SRxST & BRxBT

Pre & Post Impact Plot

AN
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Table Conditional Formatting

1. What are some methods you would like to see tabular
data formatted in?

2. Do you see yourself wanting to find all maneuvers in X
threshold across the entire tour?

How do engineers
interact with data?

Interactivity

Sort By  Value Sort by reported values, by column

Percentage Sort by percentage difference from that
variable's deterministic value (if available)

Normality = Check for "goodness of fit" with MC Data

Statistics Highlighting

[ oS

Highlight Above/ Below

[ ] Toggle coloring objects above / below a
specific value

Highlight Inside/outside

e e
L N P | C O I8

eede ool ls 2l*s|  Toggle coloring objects inside /

o s A B B 1S outside a specific (statistical?) range
e "ene . L .

A | #

Toggle KDE/Hist Show exactor  Show exact or
relative values  cumulative values

Use program logic to color values
by their distance from a mean, or within a range
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Maneuver Tracks

EME2000 Frame
M Clean Up M Targeting B Approach

'E' 2021 Aprd July October 2032 Apci July October 2033 Aced July
s
i
- 1 I I
1 f 1 1 1 ? )
o~ o 4 £ » o
o o & & R &
& & 4 » . .
& & & © 4
o < o

targeting

approach
s
1)

73
10+
5

P s
b s

Ma]‘/ 16 Ma)l' 23 Ma; 30 Jur: 06 Jur; 13 JunI 20 47
| Jupiter Periapsis Ganymede Europa Callisto



Supplemental



LAMBIC Data Dump

Shared Format

DV Parameters

DV Magnitudes

Current Encounter

Next Encounter

Cartesian Spherical

Commanded Delta-V

Commanded Delta-V Magnitude

Delivery

Cartesian Spherical

Executed Delta-V

Executed Delta-V Magnitude

Design Aimpoint

Next Encounter Delivery

Execution Error

Execution Error Magnitude

Miss

Next Encounter Design Aimpoint

* Correlation: 3x3 Matrix

* Covariance: 3x3 Matrix

* Means: 3-element mean vector w/ units
* Sigmas: 3-element sigma vector w/ units
* skipped: null

* Body Name: text string (GO5-TRG-01)

* Last Burn: True/False

* Delta-V Magnitude Mean: [scalar, km/s]
* Cumulated Mean Delta-V: [scalar, km/s]
* Percentiles for Burn: [90,95,99]

* Cumulated Percentiles: [90,95,99]

* Sigma: [scalar, km/s]

* Cumulated Sigma: [scalar, km/s]

* Burn Name: e.g. GO5-TRG-01

* Correlation: 6x6 Matrix

* Covariance: 6x6 Matrix

* Error Ellipse: all data for plotting ellipse

* B-Mag Stats: mean/nom/sigma/theta/etc
* Means [S,B].[R,T], LTOF, C3 as [scalar, km]
* Sigma: [S,B].[R,T], LTOF, C3 as [scalar, km]
* Skipped: null

Next Encounter Miss

* Burn Name: e.g. GO5-TRG-01

* Correlation: 6x6 Matrix

* Covariance: 6x6 Matrix

* Error Ellipse

*Means: [S,B][RT], LTOF, C3 values w/ units
* Sigmas: [S,B][R,T], LTOF, C3 values w/ units
* Skipped: null
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LAMBIC Data Dump

Unique Format

Impact Probability

Maneuver Information

OD Covariance

Current Encounter

General Burn Data

* Capture & Impact Radii

* Failure rate

* Impact Probability: mean, max, cumulative
* B-Error Ellipse data: sma,smi, theta, etc.

* Name & Numbers

* Frame & Format

* Epoch & Epoch Cal.

* Execution Error & [Search] Strategy

Target & Next Encounter: Settings & Aimpoints

* Names & Frames

* Epochs

*[B.S}[T.R], LTOF, C3

* Downstream: Aimpoint Values & Shift

* Burn Name: text string

* Correlation: 6x6 matrix

* Covariance: 6x6 matrix

* Data Cutoff Time: scalar and date string
* Map Name & Time: Strings and scalar

* Scale Factor: scalar

* Sigmas: component-wise values

* Skipped: null

Deterministic DV, Deterministic Cumulative DV

* [dX,dY,dZ, Magnitude] DV Values
* Deterministic Cumulative DV value
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Panel Layout Descriptions



Mission Overview

User Set Start/Stop Epochs

State visual with trajectory. Bolded lines indicate the
start and stop time

Summary table from start/stop epochs with maneuver and impact data.

We have epochs of all maneuvers and encounters. So, we can group things

110108

Table

chronologically as this will (|
traj

Details on demand

Bar charts of
(maybe nice to see thg

Switch between
multi-maneuver and
single maneuver
analysis.

But Now Burn Name is Flagged

v

Back Button

Burn Name

Maneuver Summary Information
(from Info result set)

Impact Cmd DV Exec DV Error Total DV OD Cov. | Capel Plots

State visual with trajectory. Bolded lines indicate the
start and stop time

Specific maneuver is highlighted

Tabbed section separated by maneuver detailed result information:
1. Impact/Miss (with clickable sample data plots?)
2. DV (cmd, exec, exec error, vectors, total) (sample data here too)
3. 0D Cov

distribution plots
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Porter Organization : Overview Mode

Timeline
DV | Delivery I .......
Summary Table
This table has the high level DV and impact data for all the maneuvers in the )
analysis period defined in the Timeline. It has two tabs: a DV tab (open by g Bar Charts
. . default) and an Impact tab. ;
Trajectory Visual 5
Table Controls
% or Val
The Timeline navigation bar is at the top of all screen with the The Bar Charts show how maneuvers perform with respect to one
maneuver and encounters. another, and can be toggled by a % with respect to the

deterministic basis or an absolute option.

It contains a user controlled shaded region that controls what
maneuvers are presented in the Overview screen mode blocks. The Trajectory visual highlights the portion specified in the 53
Timeline start and stop interval.



Porter Organization : Detailed Mode

Back Button

Timeline

Burn Name

Impact | DV I OD Cov. | Capel Plots I

Mnvr. Summary

Trajectory Visual

Detailed Table

This table contains tabs with all the result types available for the maneuver in
question. Be default, the impact tab is loaded, but the user can click on any tab
within this table to see different results (e.g. Impact, DV, OD Covariance, Capel
Plots, etc.)

(jeuondo) ueg |01

The Mnvr. Summary contains the high level information from the

Overview screen mode.

Besides the DV and Impact stats, what kind of summary data
would you like to see here?
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