A novel CubeSat mission to monitor the
size, growth and position of the Great
Pacific Garbage Patch (GPGP) – the largest
and most alarming accumulation of
garbage in the world’s oceans.

Chris Greenly, Hannah Gray, Hueson Wong, Samuel Chinn, James Passmore, Prisilla Johnson and Yaseen Zaidi
The University of the West of England

Introduction
• The Great Pacific Garbage Patch (GPGP) is situated
in the subtropical waters of the North Pacific and
covers a surface area twice the size of Texas.
• The accumulation of plastic debris has a significant
impact on the marine ecosystem

• To date small aircraft and research vessels have
been used to collect data about the patch.
• Recent technological advancements in imaging
capabilities open the possibility of lowcost satellite missions to observe the GPGP.

Oceanic Plastic
Pollution
• Two sources of plastic pollution:
• 20% Marine: Fishing Gear and Trade Cargo

Mass of Plastic Waste from Mismanaged Disposal in
2010, Presented by Ritchie and Roser

• 80% Land: Mismanaged Waste and Litter

Mass of Plastic Waste Littered in 2010, Presented by
Ritchie and Roser

What makes up
garbage patches?
• Form at the centre of gyres where the
water is calmer.
• Five main oceanic gyres where plastic
has been found to accumulate.
• Consists of micro-, macro- and megaplastics such as Polyethylene and
Polypropylene.
• Majority of mass comes from larger
plastics and fishing gear.
• The larger plastics make up a small
percentage of the total pieces within the
GPGP, 94% are microplastics.
• Not the only location of plastic waste.
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The Great Pacific
Garbage Patch
• Estimated mass of 80000 metric tonnes
• Surveys conducted by organisations such as
The Ocean CleanUp to analyse composition
and location of plastic pollution.
• Data captured is used to produce models
that predict the density and location of
plastics within the North Pacific Ocean.
• There is still much uncertainty over how much
plastic is really in the oceans and how it moves
• A Satellite would provide a larger overview of
the area allowing for a better general idea of
plastic location and movement.

Observation Methods
Microplastics and Macroplastics
• Macroplastics (PE and PP) make up more than
75% of the GPGP’s mass
• PE and PP plastics show strong reflectance
peaks in the NIR range
• Images collected by the Sentinel-2 have been
able to detect and distinguish floating plastics
from the ocean waters
• Microplastics which are less buoyant often sink
below the surface, no experiments have been
found which study the observation of
submerged plastics
• Floating plastic within the GPGP may be close
to other naturally floating material (seaweed,
pumice etc.)
Mass Concentration Prediction from the Model Developed by Lebreton et al. (2018)

Observation Methods
Reflective Indices
• Normalised Difference Vegetation Index (NDVI) – the
measurement of the health of vegetation
• Healthy vegetation absorbs red light and reflect NIR
• Floating Debris Index (FDI) – the measurement of the
aggregation of floating debris within a pixel
• Use of NDVI and FDI would allow plastics to not only be
observed but distinguished from nearby natural floating
material
• Seaweed and seawater absorb wavelengths in the SWIR range
at approx. 1600nm
• Pumice absorbs NIR wavelengths at approx. 830nm but reflects
red at 665nm
• Capture wavelengths from 665nm (red edge) to 1600nm
(SWIR)
NDVI and FDI Values for Different Materials by Biermann et al (2020)

Mission Objectives

01
Identify and
observe the GPGP
on its boundary and
location

02
Track the growth
and movement of
the GPGP

03
Assist in efforts to
reduce the GPGP

LAUNCH / DEPLOYMENT FAILURE
• Use a standard form factor CubeSat configuration, and tested deployment mechanism

EXTERNAL COMPONENT DEPLOYMENT FAILURE
• Testing of deployment mechanism and process prior to launch and have a backup deployment
mechanism

Mission
Risks and
limitations

IMAGER FAILS TO DETECT CORRECT WAVELENGTHS
• Rigorous testing of camera equipment before launch
• conduct experiments based on simulated operating conditions

POOR WEATHER CONDITIONS RESTRICT OBSERVATION OF THE GPGP
• Ensure the mission lifetime is long enough to capture adequate data assuming poor weather
conditions for up to 30% of its life

COMPONENT DAMAGE OR FAILURE
• Have redundant systems where possible and conduct ground testing prior to launch

COLLISION WITH SPACE DEBRIS
• Use a system to pre-empt debris collisions and manoeuvre CubeSat using ADCS to avoid them
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Con-Ops
Mission Modes

4 Main Mission Modes:
- Idle
- Observation
- Downlink
- Safe

Data Processing
• Image Acquisition & Storage

• OBC Image Compression

• Images Transmitted to Ground Station

• Images Decompressed and Stitched onto a Map

Debris Mitigation and Decommissioning
The mission should follow the United States Government Orbital Debris
Mitigation Standard Practices (ODMSP).

Must
Produce
No Debris

Design for
Demise
Upon ReEntry

Use a Safe
Flight
Profile

Have a
Finite
Orbital
Lifetime

Collaborate with other party when a conjunction event is predicted.

Conclusion

The concept of operations
presented has the capability of
continuously observing the
entirety of the GPGP.

Our mission can be easily
repurposed to observe any of
the oceans garbage patches.

We will be presenting a paper at
this year's IAC of a preliminary
design of a CubeSat to conduct
our proposed mission.

Data collected could be used by
organisations to complete
targeted clean up missions.

