SWEET CubeSat
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Introduction

 SWEET (Sweet Water Earth Education Technologies)
e 2U CubeSat (precursor mission and constellation)

* Mission Objective: Water level and water quality monitoring of
medium-to-large sweet water reservoirs in Africa

e Payload: VTT Fabry-Perot
interferometer
based hyperspectral imager!*!
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Motivation (1/2) T

* Major challenge of the 215t century: contamination of fresh water
* Major causes of sickness and mortality in Africa
 Sub-Saharan Africa: 40% of the 783 million peoplel?]

2 causes of water pollution:

e Lack of sanitati 4.-.:::!.

* Cyanobacteria |

Image 6: Cyanobacteria Bloom [7]

* Mission goal: F S
everywhere to
water quality il ,
major african v o, oo

Image 5: International Water Manag 1
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Image 7: Algae Blooms in Lake [8] 3/25
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Motivation (2/2) T

e Current in-situ water monitoring techniques are sparse, and often
difficult to execute

 Remote sensing offers a solution to routinely measure water level and
quality for large areas
* MODIS on Terra and Aqua (NASA)
 MERIS on Envisat (ESA)
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Image 8: Lake anganyika [9] | 4/25
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Technical Details: Data Aquiéitidn
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Technical Details: Data T

 MEdium Resolution Imaging Spectrometer (MERIS) — Envisat (ESA)
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Image 9: Study region in Egypt [10] 6/2 5
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Technical Details: Subsystems Tm
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Technical Details: Power

e 24 solar panels
* Generate on average 6.5 W or 10.1 Wh per orbit
* GomSpace BP4 38.5 Wh battery
* 5 images only using VHF per day
e 11 images using both VHF and S Band per day

Image 11: SketchUp 3D Model of SWEET’s Solar Panels [11, 12] 8/2 5
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Technical Details: Orbit T

Launch from ISS
Initial altitude: 400 km

Inclination: 51.6°
Period: 92.56 min
Footprint: 4900 km?

<120 0 60 -8 0 31 90 120 180 160 <160

Image 12: SWEET Precursor Mission ISS Orbit [11]

* Imager resolution: 137 x 137 m? / pixel

Yearly average flybys Average revisit time
3 biggest lakes 99 3 to 4 days
30 biggest lakes 41 9 days
Total analyzed lakes (62) 31 11.8 days
Smallest lake 17 21 days
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Constellation« ¢

¥
* Four satellites « ¢
* Two orbital planes
e SSO 100°
e SSO 280°
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Results T

* Constellation of 4 SSO (initial altitude 650km) CubeSats, RAAN 100° and 280°
* Hardware Cost: 206,000€ (excluding launch)

* Precursor mission (ISS) expected lifetime: 4.2 months

* Constellation natural orbit decay: 21.63 years

Yearly average flybys Average revisit time
3 biggest lakes 218 1.5 days
30 biggest lakes 128 2.8 days
Total analyzed lakes (62) 103
Smallest lake 68 5.3 days
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Data Analysis | T
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Communications

e 3 stations: Munich, South Africa and Nigeria

e African ground stations for educational purposes

UHF to upload

VHF to download: 9.6 Kbit/s (FOV: 80° elevation half angle)
S Band to download: 1 Mbit/s (FOV: 15° elevation half angle)

20 0 60 - 0 0 120 180 180 <180
Image 13: SWEET’s Ground Stations [11] 13/25
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TUTI

Sustainable Development Goals

No poverty

Zero hunger

Good health and well being

Quality education
Clean water and sanitation
Reduced inequalities
Life on land

Partnership for the goals
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TUTI

Sustainable Development Goals

Quality education

Reduced inequalities

Partnership for the goals
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TUTI

Sustainable Development Goals

Quality education

: - Programmatic
Reduced inequalities Aspects

Partnership for the goals
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Programmatic Aspects

Flatsat [13] High Altitude Balloon [14] ISS [15]
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Programmatic Aspects

Design and First Integration
* Open Design Hardware
 Open Source Software

* |ITAR Free
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TUTI

Development and Review Process

* Invitation to public formal reviews

* Contribution in the software development process (open-source)
* Active global search for specialists in water analysis

 Usage of open design standards

20/25
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TUTI

From Listener to Active Contributor

 SDR ground station to listen for beacons
* In-depth use of ground station software to analyze complete beacons

 Contribute in reuploading most recent data from SWEET1 to SWEET2,
SWEET3, SWEET4

21/25
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TUT
Current Fields of Work

e Use of additional bands (in use: 3, VTT-imager: 20 channels, 500nm-
900nm, resolution 10nm)

* Cost effective data distribution

* Review of 1st Phase 0 study, conduction of 2nd Phase 0

* Search collaboration with water analysis institutes/experts
* On-Board analysis possible?

* Looking for investors

23/25
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Conclusions

* It is possible to measure water quality with a 2U
CubeSat with an unmatched cost per pixel ratio

* Integrated mass, volume and power into a 2U
CubeSat

* A constellation of four 2U-CubeSats enables an
update rate of once every 3.5 days

* SWEET enables African countries to educate and
to monitor drinking water quality

* A precursor mission is deployed from
the ISS to prove the concept

22/25
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"Where you are in the world should not
determine whether you are in the world..”
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Appendix: VTT Imager
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Precursor Mission

One satellite

ISS deployment

Lifetime <5 months

Prove space segment to work

Verify data aquisition, analysis, and distribution concept
Measure against space debris in 650 km orbit

Measure against infant mortality



Constellation
Average revisit times
One satellite option Four satellites option
3 biggest lakes 3 to 4 days 1.5 days
30 biggest lakes 9 days 2.8 days
Total analyzed lakes (62) 11.8 days 3.5 days

Smallest lake 21 days 5.3 days



