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“Using Space to Help Life on Earth” -

° Leadlng provider of global dally satellite i |magery and geospatial solut|ons
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http://www.youtube.com/watch?v=siGhIP_1tbc
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Motivation for Maneuver Automation
So Why Automate?

Many satellites!

Need routine stationkeeping maneuvers to maintain orbit requirements:
o Altitude (decays with atmospheric drag)
o MLTDN (third-body resonances effects cause secular change in inclination)
o  Frozen orbit conditions (long term periodic variations due to J2 and J3)
o In-plane phasing to have non-conflicting ground contacts and overlap between successive
groundtracks
Reduce operator workload, save time, and focus on innovation and R&D

Pave the way for scalable operations (multiple missions and constellations)

Provide a reliable, robust, and efficient system with metrics reports and traceable
information for the operator/orbit analyst.
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Phase by Relative Longitude

e Ensure optimal
coverage between
successive ground
tracks.

e Space satellites in
the same orbital
plane to have
overlapping
swaths, spanning
the fundamental
interval.




+

Relative Longitude Stationkeeping Algorithm

Given: Position & Velocity for

e 1 reference satellite for each orbital reference satellite and follower
tellit
plane. satellite
e Stationkeeping bounds computed Compute:
w.r.t reference satellite based on :

_ _ Osculating -> Mean .
fundamental interval, swath width, Elements AV via vis-viva
and off-nadir angle. ) !

e Reference satellite for one plane Mean Argument of Target Mean Motion/
. Latitude Desired SMA
can also track reference satellite for
the other orbital plane, allowing 1 - : . T
. ] Difference in Equatorial Target Rel. Lon Drift
primary reference satellite for both Crossing :
planes. I

N\

[ Compute difference in
RAAN and RAAN drift
L rate )

Rel. Lon and Rel Lon
Drift
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Campaign Planner
The workhorse of the automation system

e Constellation Management and Maneuver Planning Tool
e Utilizes Planet’s in-house Astrodynamics/GNC libraries

o Interacts with Planet’s Mission Control {} s111_proposed_maneuvers.json X
{
Two Key Components nomXX" : {
. "delta_v" : 0.725900683213937,
o Maneuver Trigger "duration" :
= Assess the need/possibility to maneuver based on o e e o
e Blackout Days “orbit_locati "arg_lat",
"t_start" : " 7-13T14:45:002",
e  Burn Frequency Check "type" : “sta

"vnc_vector" :

e  Existing Burn Check
e  Stationkeeping Check
o Maneuver Action
=  Runs stationkeeping algorithms to plan maneuver at optimal location in orbit

Output

o  Constellation wide maneuver plan
o  Close Approaches and conjunction anomaly trends
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Planet Mission Control

e Cloud based application
e Coordinates the interaction of satellites with ground antennas
o Source Of a" trUth ) MISSION Satellites Antenmas Contacts Tasks
[ ] For eaCh Sate"lte, Contalns: CONTROL Reservations Config Sitess 'Space AP| Docs. z..Legout
o  Scheduled activities
o  Onboard files
o  Configuration settings —H— SkySat-C11 skysat-gen-c (HWID: s111)
o MISSIOI’] Tlme“ne Activities Onboard Files Config Mission Timeline Position
Timeline © -
] O I DY ST I I D N R B el 10 0 0 101011
Gontactpccessl 0 0 (D 0000 0 W0 0 00 0 D0 (gD 10 00 0 00 00

Home-Attitude

T T T T
18:00 00:00 06:00 12:00

05-18 05-19 05-19 05-19
@ X Contact S Contact @ U Contact @® sSX Contact

@ Imaging Activity @ Downlink Activity Custom Activity Maneuver Activity
@ Reservation Access Skipped
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Maneuver Automation Workflow

[

Campaign
Planner

]_

—>l Mission Control ]7

Mission Control
Activity

[ Screening Report ]
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{
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~+ From Delivery to Execution

1. Proposed

Timeline ©

Activity Dl [ |
Contact/Access U sVO
Name
Reservation -
Activity 74260550
Home-Attitude Start
End
Type maneuver
State proposed
P
®x Cor rotected O

@ Imagii Sch-Type skysat

2022-05-18T12:41:35.000Z
2022-05-18T13:33:55.000Z

SkySat-C-Maneuver-2020-07-23 UU

Passes screening,
Gets approved

| b

00:0
05-1
act
nk Activity

[Ual' TR} I'IIIL a am ann 1
SkySat-C-Maneuver-2020-07-23
74222397
2022-05-17T12:46:35.000Z |
2022-05-17T13:38:57.000Z |

Executed

maneuver

executed

Timeline ©
ool D 0
Name
Contact/Access mﬂ '
Activity
Reservation l Start
Home-Attitude End
Type
State
12:00 Protected O
05-17

Sch-Type

R e

skysat

4. Executed

Timeline @
Activity
Contact/Access
Reservation

Home-Attitude

2. Requested

(WA NNNNIANN B B a

|l-f'!

l Name

Activity

SkySat-C-Maneuver-2020-07-23
74260550

Start 2022-05-18T12:41:35.000Z
End 2022-05-18T13:33:55.000Z
—— Type maneuver
State requested
@ X C Protected O (
@ Ima; Sch-Type skysat
Uplinked
Timeline ©
Activity

b0l OES W e

Contact/Access U I”I] HI][ U )
Reservation Name SkySat-C-Maneuver-2020-07-23
Home-Attitude Activity 77496011
Start 2022-08-04T722:10:35.000Z
End 2022-08-04T23:01:37.000Z
Now
f Type maneuver
State scheduled
@ X Contact Protected O
@ Imaging Activity
- e Sch-Type skysat

3. Scheduled



+

Post Maneuver Processing

e Telemetry packages are extracted from the
next post-maneuver downlink.

e Successful receipt of these triggers a series of
automated processes.

e Satellite specific files are updated and used for
all subsequent maneuver planning.

e Can be manually triggered as well for a specific
satellite ID and maneuver activity ID.

Extract Telemetry/GPS
Packets

Maneuver Reconstruction

Run Orbit Determination

v

Estimate Propellant
Remaining

Mass Bookkeeping

Update Thruster Trace,
Maneuver Prediction, and

)
]
)
]
|

®



Results from SSO SkySats Stationkeeping

Campaign

e - CampaignPlanner was used to stationkeeping campaigns
i May and July for a subset of Sun-Synchronous SkySats
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Mean Altitude Gain Results
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Relative Longitude (degrees)
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Relative Longitude Stationkeeping Results

1 1 1 ! Slot 12 __ 3
1 | I 1
I I I I Sot11 —— 4
- } | I — 5104
1 1 I : TSIrI 5112
1 1 ]
I I I I Slot 9 $106
I I I 1 5107
— . I I Slot8 —— 5108
1 1 — | |
1 1 1 | Slot 7 5109

I I | s110
I 1 e | “Stots’ s111
I I L l s112
| | 1 | Slot 5
1 1 1 l

I —_— ] Slot 4
| | | 1
] — 1 | 1 Slot 3
| | | |
I I 1 Siot 2
| | | 1
1 1 1 1 Slot 1

May 22 Jun 5 Jun 19 Jul 3 Jul 17 Jul 31
2022
Date Campaign 2

Campaign 1



‘Special Thanks to:
SkySat Mission Operations
Mission Systems Team
‘ Communications Team ,
Isil Demir, James Mason, Joshua Aurich, Mark Longanbach
Small Satellite Conference Committee

Thank you!




