
  
 

  
 

Title: Sargassum One: A 3U CubeSat Constellation Mission for Sargassum Monitoring 

Primary Point of Contact (POC): Marian Duval (student) 

Email: m.duval3@unapec.edu.do ; gencarnacion@unapec.edu.do  

Co-authors - students: Darien Rosario, Daniel Taveras, Fausto Rodriguez, Johan Dominguez, Luis 

Lara, Martirez Cuevas, and professors Gorki Encarnación, Porfirio Sanchez. 

Organization: Department of Electronic & Telecomunications Engineering - Universidad Acción Pro-

Educación y Cultura (UNAPEC) 

Need: Sargassum, a non-anchored floating seaweed, pollutes and negatively impacts the Dominican 

Republic, the Caribbean, and Latin America. This pollution results in economic losses, health 

problems, and the shutdown of thermoelectric power plants. However, limited technology and 

insufficient data hinder progress, leading to slow outcomes. 

Mission Objectives 

Our mission is responsible for achieving the following set of goals: 

• Detection and monitoring sargassum throughout its life cycle: This involves studying the 

behavior, spread, fertilization, and decay.  

• Studying the impact of its gas emissions on our health: Sargassum pollution poses health risks 
through emitted decay gases (methane, ammonia, hydrogen sulfide). These gases can cause 
respiratory issues, skin burns, irritation, unconsciousness, and potential lung/skin cancer. Collected 
data aids health authorities in prevention and understanding gas extent and harm thresholds. 

• Evaluating its impact on water temperature and its contributions to global warming: 
Sargassum causes localized sea warming and releases harmful methane. Approximately 40 million 
cubic tonnes of sargassum wash up on shores annually, contributing to atmospheric warming as 
methane absorbs solar heat. 

Concept of Operations 

In order to accomplish our objectives, it is essential that our mission adheres to the subsequent steps: 

Phase 0 - Sending the CubeSat constellation into space: We aim to launch our constellation via 
the International Space Station in 2026, targeting a 400 km orbit. Our Guidance, Navigation, and 
Control System will position the constellation in a polar-circular orbit at 750 km altitude, 14 degrees 
elevation, and 57 degrees inclination. The Walker Delta pattern (6/3/1) constellation, with 6 satellites in 
3 planes, covers and studies the region from West Africa to the Gulf of Mexico, extending slightly to 
include New York. 

Phase I - Data acquisition: Once deployed, the constellation's CubeSats will continuously monitor 
sargassum with 6-hour intervals, providing near real-time data. Our spectrometer captures gas 
emissions, chlorophyll levels, sargassum tracking, positioning, and water temperature information. 



  
 

  
 

Phase II - Data transfer: We've partnered with SatNOGS to access and share raw data from our 
constellation mission, addressing sargassum's global impact. This data supports our web application 
and worldwide scientific and governmental studies. Collaboration and partnerships are encouraged, 
and our university's registered ground station is part of the SatNOGS network. 

Phase III - Uploading to our web application: Acquired data is filtered, analyzed by AI, and 
uploaded in real-time to our web application, informing people in the Dominican Republic about 
sargassum's movements, pollution, and evolution. 

Phase IV – End of life and replacement: We will arrange a controlled descent for the non-functional 
satellites and ensure timely replacement deployment to maintain uninterrupted data transmission. 

 

Short diagram, Phases of our mision. 

Key Performance Parameters  

• Spectrometer: A spectrometer covering the 555 to 755 nm bands is important for studying 
sargassum from space. These wavelengths are highly sensitive to the pigments in marine algae, 
allowing for accurate differentiation and monitoring of sargassum types, distribution, abundance, and 
long-term changes. The spectrometer provides valuable insights into sargassum dynamics, aiding in 
effective management strategies for this natural phenomenon.  

• Data fusion: Plays a crucial role in a CubeSat-based Sargassum observation mission by combining 
observations from various sources and sensors. This enhances understanding and management of 
Sargassum dynamics, improving accuracy and providing valuable contextual information.  

• Data transmission: Transmission of data is vital in a Sargassum monitoring mission as it ensures 
sufficient storage, enables real-time information, maximizes sampling opportunities, and optimizes 
resource utilization for efficient data acquisition and analysis 

Space Segment Description:  

We'll use practical and cost-effective 3U CubeSats for the optimal Walker Delta Constellation. 
Adhering to NASA guidelines, each 3U CubeSat measures 30×10 cm, weighs 4 kg, and has a volume 
of 3000 cm^3. Total mass for all satellites is approximately 36 kg. Our system will have an electrical 
power of 216W and a peak power of 21.7mW, efficiently supplied by solar cells. 



  
 

  
 

 

Scale model of the satellite. 

Required Delta V: To position our satellites in the desired 750 km orbit, we will utilize the International 

Space Station located approximately 400 km away. This will require a Hohmann Transfer. After some 

calculations our Delta V will be around: ΔV =186.1686 m/s. Please find below the cost breakdown for 

our mission 

 

3U CubeSat parts table. 

Orbit/Constellation/Description  

For our mission analysis, we have selected a circular polar Low Earth Orbit (LEO) at 750km altitude, 

14 degrees elevation, and 57 degrees inclination. This configuration provides a coverage area 

determined by the following formula: 𝐴 =
ଷ√ଷ

ଶ
× (1,781.11𝑘𝑚)ଶ = 8,242,014.427𝑘𝑚ଶ 

We will employ the Walker Delta constellation (i: t/p/f) for our mission, which offers near-continuous 

global monitoring. This constellation type has gained popularity for its effective monitoring capabilities. 

With the need to cover a large area and diverse satellite positions, the Walker Delta constellation 

aligns perfectly with our requirements. It consists of 6 satellites distributed across 3 orbital planes (t=6, 

p=3). 



  
 

  
 

 𝐷eϐine Pattem Unit. PU =
ଷௗ.

௧
=

ଷௗ.


 =  60𝑑𝑒𝑔;  𝐼𝑛𝑝𝑙𝑎𝑛𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑎𝑡𝑒𝑙𝑙𝑖𝑡𝑒𝑠 =

 𝑃𝑈 ×  𝑝 =  60 × 3 =  180𝑑𝑒𝑔;  𝑁𝑜𝑑𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =  𝑃𝑈 × 𝑠 =  60 × 2 =

 120𝑑𝑒𝑔;  𝑃ℎ𝑎𝑠𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑝𝑙𝑎𝑛𝑒𝑠: 𝑃𝑈 ×  𝑓 =  60 𝑥 1 = 60𝑑𝑒𝑔. 

 

The configuration consists of 6 satellites, with 2 

per plane and a 120-degree offset between 

pairs. Nodal separation between planes is 180 

degrees. The formation effectively covers the 

target observation area from West Africa to the 

Gulf of Mexico, extending further north to 

include New York, with efficient data 

transmission periods. 

Implementation Plan 

We seek collaboration with the Ministries of Environment, Higher Education, Science and Technology, 

Energy and Mines, and Tourism for our Constellation Mission to tackle sargassum pollution. These 

ministries will provide funding to support project implementation. However, it is anticipated that the 

allocated amount may not fully cover the total funding needed for project development. 

CubeSat design, assembly, and testing will take place at our UNAPEC laboratory. Each CubeSat is 

expected to have a lifespan of around 6 years. Please find below a summary of the cost breakdown. 

 

3U CubeSat Parts table. 



  
 

  
 

The next set of constellations will be deployed in around 6 years. Considering the expected cessation 

of operations for the International Space Station by 2030, we will need to explore alternative service 

providers to meet our mission requirements. 

Our project's timeline spans from 2023 to 2024, encompassing 24 months for planning, development, 

and launch. Initial tasks include defining project objectives and stakeholders, with feasibility analysis 

conducted in the first 3 months. Material procurement, payload definition, and CubeSat design will 

take place from months 4 to 6. Subsystem construction, web application development, and AI 

implementation are scheduled for months 9 to 15. CubeSat testing and assembly will occur from 

months 16 to 21. During months 22 to 24, we will engage with the appropriate space agency for 

CubeSat launch, potentially the International Space Station. Phases 0 to 4 of the concept of 

operations section will be completed beyond month 25.  

We currently face the following risks: 

Financial constraints: Uncertainty in securing sufficient funds for the project. 

Lifespan: Need for scheduled replacements to ensure uninterrupted data transmission. 

Solar flares: Potential disruption or damage to satellite electronics. 

ISS transition: Transition plan from the retiring ISS to commercially-owned low-Earth orbit destinations 

(CLDs). 

Space debris: Due to its potential to cause damage. 

References: 

1. Marinan, A. D. (2013). From CubeSats to Constellations: Systems Design and Performance 

Analysis. Retrieved from Massachusetts Institute of Technology, Department of Aeronautics and 

Astronautics website. 

2. Dionizio, M. F., & Trinder, J. C. (Year). Preliminary Design of a Small Satellite Constellation for 

Monitoring Bushfires in Australia. Unpublished manuscript, The University of New South Wales, 

School of Surveying and Spatial Information Systems, Sydney, Australia. 

3. Cappelletti, C., Battistini, S., & Malphrus, B. K. (Eds.). (2021). CubeSat Handbook: From Mission 

Design to Operations. London, United Kingdom: Academic Press, an imprint of Elsevier. 

4. National Research Council. (2000). The Role of Small Satellites in NASA and NOAA Earth 

Observation Programs. Washington, DC: The National Academies Press. 

5. Laval, M., Belmouhcine, A., Courtrai, L., Descloitres, J., Salazar-Garibay, A., Schamberger, L., 

Minghelli, A., Thibaut, T., Dorville, R., Mazoyer, C., et al. (2023). Detection of Sargassum from Sentinel 

Satellite Sensors Using Deep Learning Approach. Remote Sensing, 15, 1104.   


