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Agenda

• What is a CubeSat?
• Why the SOCON mission?
• Key Mission parameters
• Platform and sensor details
• Integration and launch
• Examples of imagery
• Data processing and distribution: 

• SEADAS, ocean color website 

• Next steps
• Finish commissioning
• Open to the community
• Image requests



What is a CubeSat?



• Proof-of-concept project

• Demonstrate capability to build a low-
cost ocean color sensor flown aboard a 
CubeSat

• Provide high spatial resolution imagery



GOAL 
Construct a launch-ready, high resolution (~120m) 

proof-of-concept ocean color instruments able to be 
carried by a 3U CubeSat – we built 2

- “advice and review” during 
the development phase. 

- support for the collection, 
processing, calibration, 
validation, archive and 
distribution of the data, 
thanks to a NASA/HQ Space 
Act Agreement (2017) . 

A second Moore Foundation grant was 
awarded in May 2017 to support the cost 
of launch and operations for a duration of 
2 years each 

SeaHawk 
CubeSat bus

Hawkeye 
Sensor

Funded  the program in 2015 

The program is 
administered by 

Dr. John Morrison 
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Key Mission Parameters

Flight 
Direction

Nadir

Launched 3 December 2018 
Nominal orbital height = 585 km 
Sun-synchronous around 10:30am
18-day repeat orbit (one satellite)
Expected orbital lifetime of 5 years
Image size of 216 x 720 km (1800 x 6000 pixels)
Approximately 120 m resolution – 100 MB/scene)
X-band downlink (Wallops & Alaska) data rate of 6 --> 100 Mbs

Weight of instrument is  <1 kg
Total weight (spacecraft + instrument) is  <5 kg
Multispectral instrument: 8 ocean color bands
Off-the-shelf CCD arrays
Push-broom design
Sensitivity comparable to SeaWiFS
Open intellectual property and knowledge sharing
Does not saturate over clouds or land (bi-linear gain technique)



SeaHawk 3U CubeSat

antennae

Solar panels

X-band Transmitter

HawkEye 
(instrument) 
apertures



SeaHawk Internal Configuration
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HawkEye Instrument



Band # Wavelength (nm) Band width (nm)

Band 1 412 20

Band 2 443 20

Band 3 490 20

Band 4 510 20

Band 5 555 20

Band 6 670 20

Band 7 750.9 14.7

Band 8 865 40

HawkEye Instrument

same design as SeaWiFS 
except for band 7



Alan Holmes with HawkEye Units 1 & 2



SeaHawk’s journey



SSO-A: the largest single rideshare mission from a US-based launch vehicle





SeaHawk-1 Integrated into Lower Free Flyer

SeaHawk-1



On Monday, December 3rd at 
10:34 a.m. PST, SpaceX 
successfully launched Spaceflight 
SSO-A: SmallSat Express to a low 
Earth orbit from Vandenberg Air 
Force Base, California.

Launch!



Detachment



Deployment



FIRST CONTACT:
Communication with ground station



First Light
Sequence of Events:

20 March:   X-panels deployed
HawkEye optics exposed

21 March:   1st image acquired

22 March:  Wallops X-band downlink 50 mbps



SeaHawk/HawkEye

True color
(red band-6 (670nm), green band-5 (555nm) 

and blue band-2 (443nm) )

120 m/pixel

Chlorophyll a (mg/m3)

March 21st, 2019

Monterey 
Bay

First Engineering Test Image
MODIS/Aqua

1Km/pixel

Chlorophyll a (mg/m3)



Proof of Concept 
CONFIRMED



a trip around 
the world

Caspian Sea
Pyrenees 
and 
Balearic Sea

Polynesia

Western 
Australia

Shark Bay 
Australia

Namibia



SeaHawk provides 
high resolution 
imagery from 
around the world



25 May 2019   



MODIS/Terra

MODIS / Terra     25 May 2019     True Color  



HawkEye / SeaHawk 25 May 2019     True Color  



Some Applications and Advantages

• Coastal ecosystems: sensor does not saturate over land or clouds
• High spatial resolution: Subpixel variability tool
• Already existing SeaWiFS algorithms should be easy to implement
• SeaDAS will provide the processing tools for HawkEye/SeaHawk data 
• Cross-calibration with other ocean color satellites
• Instrument has shown no degradation after a year in orbit



SeaHawk-1 Status:

üLaunched: Monday, December 3, 2018, 18:34 UTC 
üDeployed: Monday December 3, 2018, 21:06:49 UTC
üFirst Contact:  Tuesday, December 4, 2018 12:21:51 UTC
üOrbit Identification: 64 Satellites launched at 15-minute intervals. 
üSystematically check each satellite component 
üDeploy solar panels: March 20, 2019
üFirst image: March 21, 2019
üX-Band downlink with NASA Near Earth Network: March 22, 2019
üAdditional engineering tests

vOperational status: TBD





NEXT STEPS
1. Complete “Commissioning” phase
2. Verify performance and begin “Nominal Operations” phase of mission 
3. Begin distributing data via NASA’s Ocean Biology DAAC
4. Release SeaDAS version supporting HawkEye processing
5. Open tool for image requests from the community 
6. Assemble all “Lessons Learned” from SeaHawk-1

1. Hardware  2. Software  3. Concept of Operations 4. Testing
7. Develop workplan and schedule for SeaHawk-2 launch

5. Open tool for image requests from the community 



Scheduling Tool

X-band Downlink Ground Stations in Alaska and Wallops
Grey Mask: range over Glasgow’s Mission Operation Control Ground Station
200km-wide swath



Image Acquisition Requests
https://uncw.edu/socon/image_request.html
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Data Distribution and Processing

NASA OB DAAC will release level 1 and 2 data and the tools to process it



Ongoing work:

1. Determine final number of images per day (probably 5 or 6)

2. Geolocation: manually refine navigation

Ø these issues are due to known problems on seahawk-1 that 
we intend to mitigate for seahawk-2.



Renavigation tool to geolocate imagery



Renavigation tool to geolocate imagery



Lessons Learned

1. Proofed the concept!
2. When we started CubeSat technology was in its infancy, technology is 

quickly developing – should lead to quicker commissioning
3. Hard to reconcile work ethic between University/Industry/Government
4. Originally the sensor was designed for 25 m resolution --- tremendous 

amount of data so it was degraded but still had to push the envelope 
using the first available x-band transmitter small enough for CubeSat.

5. Settled on a 3U design to keep costs down



Lessons Learned
6. BUREAUCRACY….

1. Space ACT 2019
2. FCC licensing for both ground station and satellite
3. Observing the Earth means that you are treated as a COMMERCIAL satellite
4. The higher resolution you go, the more security problems you have
5. Working with International partners increases the difficulty with licensing

7. Worth the Effort!!!!
1. NASA NEN cannot believe the quality and amount of data we can obtain from 

a “shoebox”
2. Resulting imagery is EXTRAORDINARY



Long Island

Palk 
Strait



UNCW CubeSat Student Group

Areas of Interest:



Where is SeaHawk-1 now?

https://oceancolor.gsfc.nasa.gov/cgi/whereis_seahawk

https://oceancolor.gsfc.nasa.gov/cgi/whereis_seahawk
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Thank you!
Dr. Sara Rivero-Calle

UNCW Center for Marine Science
riverocalles@uncw.edu

https://uncw.edu/socon

Instagram: @UNCW_seahawk_cubesat
Twitter: UNCWCubeSat

http://uncw.edu
https://uncw.edu/socon/index_NEW.html


Thank you!  Questions???
https://uncw.edu/socon

Instagram: @UNCW_seahawk_cubesat
Twitter: UNCWCubeSat

https://uncw.edu/socon/index_NEW.html

