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History of AOA

* In 1990, Northrop Grumman developed a system
known as AUTOmated Orbit Determination
(AUTOOD) which was written for a VAX/VMS

computer architecture.

= This system incorporated the collective experience
and knowledge of many expert orbit analysts

= Hundreds of quality checks
= Historical trending used in the checks

= Wrapped NG proprietary orbit determination
software

= This system has been continually improved and
customers are extremely satisfied with its features
and performance.
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History of AOA (cont)

1

= In 2005, NG became a member of the Mobile User
Objective System (MUOS) team and one of the NG
tasks was to provide an automated orbit analysis
system with the following characteristics:

COTS based

Database driven

Automated and unattended operations
Tight ephemeris accuracy requirements

Complex station-keeping strategy implemented so
as to simplify the station-keeping planning task
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History of AOA (cont)

= Based on the legacy AUTOOD system and the new
MUOS requirements, an Automated Orbit Analysis
(AOA) software system was designed and
implemented.

= Uses AGIl’'s STK and ODTK to perform all of the
orbit related calculations

= STK/Astrogator used for station-keeping
planning

= ODTK used for orbit determination

= STK/Pro used to generate most orbit related
products for internal and external interfaces

= MySQL used for database storage

o
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Automation

* Provides scheduling
= Monitoring capabilities
= Multiple Security levels
= Viewer Only (read permission only)

= OA (perform OD, schedule tasks, database
read/write, station-keeping planning, etc)

= Senior OA (all of above + set rules, give
permissions, add steps or checks, etc)

= Maintains rules for quality assurance checks
= Data handling and archiving

= Status viewing capabilities

= Master dataset extraction tools
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Automated Orbit Analysis Situational Awareness
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OA System Schedule
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Database Description

1

= Databases contain:

Rules for automation (i.e. schedule, frequency,
tasks to be performed)

OD quality rules (i.e. overlap checks, historical
trends, etc)

Master datasets
= Ephemeris
= Covariance

= Orbit Events (i.e. eclipse, node crossings,
rise/set, maneuvers, etc)

OD Trending data (i.e. solar radiation pressure
solved-for values, tracking data biases solved-for
values, etc)
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Task Scheduling (Tab 1)

ask Scheduling

s Add Follow-Llp == Semove Followp

Scheduled Task |

s

—Range

Starton: | January 12,2007 11:21:00

;J & End after ;1 a: OCCUmEhces

EEX

<

«

C Endby | January 12 2007 11:2200 |

" NoEnd Date

v &uto Execute W Modifiable by other schedule items [ Read-only

or J Cancel

E# Task Scheduling

s Add Follow-Up == Femove Fallowlp

Schedule | Scheduled Task |

S[=E

i Range

Startor: | January 12, 2007 11:21:00

LJ % End after ﬁ a: OCCUMENCES

" Endby J January 12, 2007 11:22:00 _LJ
" Mo EndDate

i Frequency —

% Hourly/Minutely
T Dailpfwfeekly
T Monthly

7 Yearly

Ewvemy I'I

:::'j Iminute[s] af the haur

S|

W Auto Execute W Modifiable by ather schedule items

[~ Read-only [ Interface Task(s]

aF. J LCancel ]
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Task Scheduling (Tab 2)

B Task Scheduling
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Task Engine

Task Engine

GenSCReaderScript

t aneuver_Feconstuction
045ToGeo_Ephemens
045ToGeo Maneuvers
0A5TaMUS Ephereris

™ Use esisting STE/ODTE instance
¥ STEAODTE are visible.
v STEAODTE can be controlled by the user,

. Comments

- [ 045ToMUS_Ephemeris
: g’ Open_Archived 5TK_Scenario
@ 0ASToMUS_GenerateE phemeris
g' Files_FTP_Put
[} 0ASTobUS_S endE phemerizh otification
M@ Reschedule_InterfaceT ask

—Arguments

M are | Walue

0D_Baze
REFORTSDIR
MUDSDIR
Outhow

C:vWiswal Studio Projectz\DAS \ nztallB aeeh0PS_00 =
C:visual Studio Projectz\M0AS  nztallE azehR eportsh,
C:WWisual Studio Projects\ 045 nstallB asehlnterfaceshOutbon
C:vWisual Studio Projects 045\ nstallB asehlnterfaceshOutbon

S atM ameE «tenzion _OCResultz
ReschedulaMNeeded False

RescheduleCurrent T imes 0

0D _StartTime [Bazed Or Lazt OD0]
OD_Epoch [Bazed On Lazt OD + 30 days]

UTC or [Bazed On Last 0D
UTC or [Bazed On Last Q0 + 30 dapg]

Apply | Lancel |

Similar to Task Scheduling (Tab 2)

- Senior OA ability to modify baseline Tasks (available in all modes)

- Available to OA in Simulation and Test modes, for tralRiRGrmor crurmian
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Task Modification

Task Engine
Taszhks Add

GenSCReaderScpt | Rename Fz
M anewver_Reconstruction { | [
0457 olGeo_Ephemeris Delete Step De
0ASToGeo Maneuvers

[ I5_Ephemeris Skep Statistics  Chrl+3

[~ Stepis required by all later steps
B' DpEn_ﬂ[ChiVEd_STK_SCEI"IaIiD. —Script Path
g' D_.t’-‘«STDMUS_GenerateEphemenx C:%Wizsual Studio Projectz\0AS \nstallE asehT azkB asetnterfaceScrptsh0AS T obMUS _S endE phemerizM otification. vb
B- Files FTP_Put
™ ilez FTP_Pul
CTobd] 10 C o i —Arguments
Edit Script Chrl+E KEre | T
Dellenien DEli  wy 0ASToMUS_E phemerisData. P 127.00.1

0A5TokMUS_EphemerizData Port 000
0ASToMUS_EphemerizD ata.Meszag 30

Step Stakistics  Crrl+S

Ok, I Apply | Eancell
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Step/Script Editing

[ Automation Script Editor - C:\Visual Studio Projects\OAS\InstallBase\TaskBasellnterfaceScripts\OAS ToMLUS_SendEphemerisNot. ..
— Script Arguments —Script

| Narne | " alue U S mummarys

* ' sremarkss

</remarkss

<history-
[2392240] 6/19/2006 Created

</history>

Public Claszs 0ASToMUS SendEphemerisNotification
Inherits ScriptingInterfaces.3cript

' IP of TTsC computer
Priwate ip &s 3tring = "

' Port on TT&C computer
Private port 4As Integer = -1

' Type of message sent (server gets from app.config)

Private messageType As Integer = -1

e e e e e et g s
YD Lsunmarys

'Y Provides the starting point for the task.

P L summarys

"1 gparam hame="args">The args passed in.</param:
U oJreturnskiuccess/Failures freturns-

'Y Jremarkss

'Y L iremarkss

Protected Owverrides Function Main (ByWal args As OACommon. 3tringDictionary) Az Boolean
Try
Dim rescheduleNeeded 4s Boolean = DirectCastiVariables("FescheduleNeeded), Boolgfn)

' if we failed to FTP filesz, we need to reschedule the task and don't wan o send no

If rescheduleNeeded Then Feturn True

' Loop through the interface files, sending notification for each#ith a pause
For Each filePath As String In DirectCast{Variables("Notificap#nFiles"), Hashtable).l

If File.Exists(filePath) Then &l
il >

|~

| Open | Save | Save Ag | Test |

13
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Maneuver Planning

&) Maneuver Planning

—Mission Dift Fiate ws Longitude | Longitude vs Time | Drift Rate vs Time | Eccentricity vs Time | FAAN vs Time 4

B g k- LD R K

Mizzian 10

Station Longitude [Deq)

Lazt Ephemeriz: 14172015 B:00:00 Akd

— Lirnitz
FinirnLm b ainniuim

Longitude Limnit I 1771 I 176.5

Longitude boundry croszsing unknown

Guard Band Lon I 17708 I 17692

Guard band boundry crozsing unknovn Mo Data Available

Inclination [Deg) I 258 I ]

Inclination boundry crozzing unknown

Eczentricity I 0.005 I 0.008

Eccentricity boundm crozsing unknown

Argument of Perigee I 174.3 I 1852

Argurment of Perigee boundry crossing
unknown

B 2 zcending

| Maneuver | Type | Date & Time [UTC) | Magnitude [m | Duratic

 Commands

Mew Maneuwver | Hemove

Pratect | Lot

fccept Changes | Cancel

— Dizplay Optionz
I Hide Commited Maneuvers
[ Hide Protected Maneuvers
I Hide Planned Maneuvers
I Hide Manual Maneuvers
I Hide Momentum Maneuyvers
I Hide Marth # South Maneuvers

I Hide East / West Maneuvers ol =R m

v Make STE visible
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New Maneuver Plan

- Add a Maneuver

Ai=1[E3
b aneLver:
| East /West Station Keeping _:_j

Date to perform maneuser (UTC]:
J Friday . January 02, 2015 :_j

Time between maneuvers [days] 14—

v Use default maneuver settings

Target Longitude J
Strategy
I

Thruster Set [part 11 Control Set [part 17;

A1 3:

] Cancel |

Ephemenz prediction [days];

Add a Maneuver

b aneLier:

Date to perform maneuser (UTC]:
J Friday . January 02, 2015 :_j

v Use default maneuver settings

Druration [zec)

J 441 :'.‘_1

Thruster Set [part 11 Control Set [part 17;

\ e T T
M OE Y j | b ] ] O 1

A1 3:

] Cancel |

Ephemenz prediction [days];

(=13

Add a Maneuver

b aneLier:

Date to perform maneuser (UTC]:

J Friday . January 02, 2015 _:_j
Time (UTC) | 14g34P x|
Thruster Set | Mone _:_j
Control Thruster Set |EastN55K REA _:_j
b4 agnitude |1 |

A1 3:

] Cancel |

Ephemenz prediction [days];
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Manual Maneuver

| Add a Maneuver [D|E”.>Z|

b aneLier:

STE Instance Get [nstance

Load the zenario Browse

— -Inputs most up-to-date ephemeris information into
STK maneuver planning scenario

Initialize STE. Iritialize

Get data from STE Get Data
-User manually interacts with STK scenario to plan
EOL and Relocation maneuvers
-Data for maneuvers is extracted from STK
e scenario and put into OAS database
0K Cancel | -Maneuvers planned appear on Maneuver

planning GUI and can be sent to MUS.
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4} Maneuver Planning

— Mizzion
Mizzion 1D

G |
| i}

14172015 B:00:00 AM

Station Longitude [Deq)

Last Ephemeris:

— Limitz
b imirnuim bl i

I 1771 I -176.9

Longitude in baunds through 2/1/2015

£:00:00 AM
Guard Band Lon I 17708 I -176.92

Guard Band in bounds through 2/1/2015

£:00:00 &M
Inclination [Deg) I 258 I 5

Inclination in bounds through 2412005

B:00:00 AM

Eccentricity I .005 I 1006
Eccentricity in bounds through 241/2015
G:00:00 AM

Argument of Perigee I 174.8 I 1852

Angle of Perigee in bounds through
2/1/2015 B:00:00 Ak

Longitude Limit

— Commands

Mew Maneuver | Femaove |
Pratect | Commit |
Accept Changes | Cancel |

— Dizplay Options
™ Hide Commited Maneuvers

™ Hide Protected Maneuvers

™ Hide Planned Maneuvers

™ Hide Manual Maneuyvers

™ Hide Momenturn Maneuvers
™ Hide Marth / South Maneuvers
™ Hide East / West Maneuvers
v Make STK visible

Planned Maneuvers

(= [B)X]
Dinift Rate vz Longitude I Longitude vs Time ! Diift Rate vs Time i Eccentricity vs Time | F&4M ve Time | Arg OF Perigee vs Time | Eccentricity vs Arg Of Perigee I Inclination vs R&AN I
| HEC
il &, B =8 N J
B & zcending
ChartFx License has Expired ol Descending

| Manewver | Type | Magnitude [m | Duration [sec) | Description

Statusz

| Date & Time [UTC)
4. 015 Bl 4
21 dan 2015 21:11:34.904

Eastiest 0.073172 2879
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Changing Maneuver State

# Maneuver Planning

—Mission Drift Rate vs Longitude | Longitude vs Time i Drift Fate v Time | Eccentricity vs Time | FAAN vs Time | Arg OF Periges va Time | Eccentricity vs &g Of Perigee l Inclination ws RAAN |

B & | - [F - | 4D R & )

Migsion ID IMSD'I LI

Station Longitude [Deg) | o

Last Ephemeris: 141/2015 6:00:00 Ak

+ Limits
FinirmLim b zxirmum

Longitude  Lirnit I 77 I 1769

Longitude in bounds through 2/1 /2015
£:00:00 AM

Guard Band Lon I A77.08 I 17692

; B & zcending
Guard Band in boundsz through 2/1 /20015 ,
B:00:00 A6 e Dezcending

Inclination [Deqg) I 25 I 5

Inclination in bounds thraugh 2/1/2075 g
£:00:00 AM

E ccentricity I 0.005 I 0.006

E coentricity in bounds through 241/2015
£:00:00 AM

Argumnent of Perigee I 174.8 I 185.2

Angle of Perigee in bounds through
24172015 6:00:00 &M

Status | Maneuver } Type | Drate & Time [UTC) | Magritude [m | Duration [sec) I Description
- Commands Protected 1 Eastiest 4 Jan 2015 22:25:52.194 0117723 426

Hew Maneuver | Remove Fraotected 2 Eastwiest 21 Jan 2015 21:11:34.904 0.079172 2875

Frotected 3 MWorthSouth 2 Feb 2015 005312181 a 4915

Pratect | Commit

Accept Changes I Cancel

7 Display Options
[ Hide Commited Maneuyers

[ Hide Protected Maneuyvers

[ Hide Planned Maneuvers

[ Hide Manusl Maneuvers

[ Hide Momentum Maneuvers
™ Hide Morth / South Maneuvers
[ Hide East / West Maneuvers
V¥ Make STK visible

Corporation




Changing Maneuver State

%) Maneuver, Planning

 Mizzion

Mizsion D IMEU'I _v]

& k-[HL &SR K

Drift Rate vz Longitude | Longitude vs Time I Cirift Frate vs Time I Eccentricity vs Time | BA&M vs Time | Arg Of Perigee vs Time | Eccentricity vs Ang OF Periges i Inclination ws FAAN I

B[]

X

J

14142015 6:00:00 AM

Station Longitude [Deq)

Last E phemeris:

 Limitz
Minirmurm I axirnum

I 1771 I -176.9
Longitude in bounds through 2/1/2015
B:00:00 Ak

Guard Band Lon I 17708 I 17692
Guard Band in bounds through 2/1/2015
B:00:00 Ak

Inclination [Deq] I 25 I 5

Inclination in bounds through 2/1/2015

B:00:00 Ak
I 0.005 0.006

Eccentricity in bounds through 2/1/2015
B:00:00 Ak

Argument of Periges I 174.8 I 186.2

Longitude Limit

Eccentricity

Pt zcending
o Descending

I Hide Commited Mansuvers

[ Hide Protected Manewvers

I Hide Planned Maneuvers

[ Hide Manual Maneuvers

I Hide Momentum Maneuwers
[ Hide Morth / South Manewsvers
I Hide East / West Manewvers
v Make STK visible

Angle of Perigee in bounds through v
2/2015 B:00:00 Ak
Status | Mareuver | Type | Date & Time (UTC) | Magnitude (m | Duration (sec] | Description
- Commands 1 Eazfwest 4.Jan 2015 22:25:52.194 0117723 426
Mew baneuver | Remave | 21 Jan 20 04
WaorthSouth 2 Feb 2015 00:53:12181
Fratect | | ncannmit |
Accept Changes | Cancel |
— Dizplay Options

&
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