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Small Satellite Operator Best 
Practices for SSA and Conjunction 

Assessment



AGENDA

• Introduction to Planet

• Orbit Determination

• Conjunction Assessment and 
Response



CONSTELLATION DOVE RAPIDEYE

Constellation 120+* 5

Image capture capacity 150 million km²/day 6 million km²/day

Ground Sampling 
Distance (GSD)

3-5 m 6.5 m

Pixel Resampled 3.125 m 5 m

Telescope and Camera Bayer mask CCD 
sensor

Push broom imager

Spectral Bands Red, Green, Blue and 
NIR

Red, Green, Blue, 
Red Edge and NIR

* Estimated number of Dove satellites to achieve a daily revisit rate - target delivery end of 2016

OUR CONSTELLATIONS
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Orbit Determination



Measurements

[www.gps.gov]
[www.stratcom.mil]



Antenna Map



Orbit Fitting Logic

Sufficient GPS data?

Sufficient ranging data?

JSpOC TLE of known 
match?

Mission Control TLE?

● Fit state vector from GPS data
● Fit TLE from state vector

● Fit state vector from ranging data
● Fit TLE from state vector

● Copy TLE over from JSpOC
● Fit state vector from TLE

● Copy TLE over from MC
● Fit state vector from TLE

Nothing done

Yes

Yes

Yes

Yes

No

No

No

Start

Done
Success

Failure

Failure

Failure

Failure

Done

Done

No

Done

Success

Success

Success



Flow of Information

Ranging data GPS data

State Vectors
Produced every hour with latest 
observations

TLE
Fit to a specific ephemeris Differential Drag Controller

Ground Station 
Antenna Controllers

Onboard orbit model 
for ACS (SGP4)

JSpOC TLE



Conjunction Assessment and 
Response



Philosophy
• Responsible space neighbor

• Open and transparent about operational 
policies and orbit data

• Orbital Ephemerides publicly available at  
http://ephemerides.planet-labs.com/

• Orbital Ephemerides sent to the Space Data Association 
(SDA) 

• Communicate regularly with JSpOC
• Collaborative

• Automation
• Mission Control team of just a handful of people manages 

the entire fleet of satellites

http://ephemerides.planet-labs.com/
http://ephemerides.planet-labs.com/


Responsible Space Neighbor
• Compliance with the 25 year rule

• Strive for less than 10 years (related to operational 
lifetime)

• Adopt NASA Procedural Requirements for 
Limiting Orbital Debris [NASA-STD 8719.14]

• Ideal altitude of 475-580 km
• Orbital life < 10 years
• Choice limited only by access to launches as secondary

• Continuous orbit determination and conjunction 
assessment



Responsible Space Neighbor

• 78 % of satellites have a lifetime < 5 years

• 94 % of satellites have a lifetime < 10 years

• 95 % of satellites have a lifetime < 15 years 

• 98 % of satellites have a lifetime < 20 years

• 100 % of satellite have a lifetime < 25 years



Methods
• Combination of thorough analysis and 

expertise

• Team has experience in academia and at 
NASA working on the conjunction 
assessment problem from multiple angles

• Experience with operations at NASA and 
other commercial space companies

• Prepared to collaborate and cooperate 



Open and Transparent



Current Conjunction Strategy

Space-Track
Conjunction Data 

Message

Compute JSpOC 
PoC:

Linear Method

Compute OD PoC:
Linear Method

Planet
OD (Every 

Hour)

JSpOC
Conjunction 

Warning

Highest 
PoC > 
1e-4

END

No
Public Facing
High Accuracy 
Ephemerides

SDA
High Accuracy 
Ephemerides

Other 
Object 

Maneuvera
ble

Yes

Minimum Area
Attitude at TCA

No

END

Point other 
operator to High 

Accuracy 
Ephemerides

Manual 
Process

Yes

12 hours
1 hour

SDA Computes 
PoC

SDA 
Assessment

Attitude only 
maneuver



Conjunction Warnings



Conjunction Stats

• Range: January 2015 - July 2016
• Number of CDMS: ~1700
• Intra-Planet CDMS: ~ 850 (~50%)
• Unique non-Planet conjunctions ~ 240



Conjunctions so far

• Any future conjunction with a PoC > 1E-5 is 
flagged and closely monitored

• Last attitude maneuver was end of March 
2016
• Flock 1C satellite and a rocket body 

• Last monitored conjunction occurred mid-July 
2016 (No action required)
• Flock 1C satellite and another CubeSat 



Conjunctions so far

9 CDMS 9 CDMS

Rocket Body Cubesat

Min separation: 330 m, 52 m    Min separation: 43 m, 78 m    Planet 
Ephemeris



Proposed Conjunction Strategy

Highest 
PoC > 
1e-4

END

No

Minimum Area
Attitude at TCA

END

Post 
Ephemeris

Planet OD
Every Hour

JSpOC CA
Every 8 Hours
Space-Track

SDA CA

Secondary 
Object 

Operator OD

Compute PoC Other Object 
Maneuverable

Compute 
avoidance 
maneuver

Inform operator 
about AWS 
Ephemeris

Yes

Yes

No

END

Orbital 
maneuver



Proposed Conjunction Strategy

• Use Conjunction Data Messages from JSpOC and the 
SDA

• Use Planet ephemerides to compute Collision 
probability

• Only plan a maneuver if other object does not have 
propulsion

• Use JSpOC and SDA to screen planned maneuvers



Avoidance Maneuver

• Consists of minimum attitude maneuver and differential drag
• Differential drag has been successfully used to spread Doves

•  > 50 km/day2 for sub-ISS 400 km orbit
• ~ 1 km/day2 for 600 km SSO orbit

Relative 
velocity



Exciting Future

Anticipating new SSA technologies 
such as the space fence and the 
commercial space catalog



London Array Wind Farm, United Kingdom, APR 17, 2016

THANK YOU

VISIT US AT PLANET.COM
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APPENDIX SLIDES
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OUR APPROACH



HISTORICAL APPROACH

• Tasking
• Low coverage
• Weeks to gain access
• Expensive

PLANET APPROACH

• Monitoring
• Global coverage
• Daily online delivery
• Affordable



13 Builds in only 3 years

BUILD 1
APR 2012

BUILD 6
APR 2013

BUILD 13
JUN 2015

AGILE AEROSPACE



100+
SATELLITES

3-5M 
RESOLUTION 4 
BAND IMAGERY  

26 
GROUND STATIONS

9
SITES

150+M
 KM2 PER DAY

API
FOR DATA PIPELINE 

AND PLATFORM 
ACCESS

1000S
OF VIRTUAL  
MACHINES

5+TB

DOWNLINKED
DAILY 

Mission 1 End-To-End System



SAN GABRIEL MOUNTAINS

JUNE 4, 2016

SAN GABRIEL 
WILDFIRES

VEGETATION

bare sparse densemoderate

VEGETATION

bare sparse densemoderate

VEGETATION

bare sparse densemoderate



SAN GABRIEL 
WILDFIRES

FIRE RETARDENT LINES 
ARE IN RED

JUNE 22, 2016

SAN GABRIEL MOUNTAINS



JUNE 22, 2016

SAN GABRIEL MOUNTAINS

FALSE COLOR 
COMOPOSITE 

REVEALS BURN 
SCARS


