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1 Executive Summary 
This deliverable presents the creation of a bespoke work plan for the design and assembly of nano-
satellites, as per WP6 Deliverable D6.1 of the FAST4Future project. 

The document is organised in three main parts: 

• Part I (section 2): a summary of the WP6 activities and key achievements, including a mapping 
of the WP objectives and verifiable indicators to the activities carried out during the training 
and knowledge transfer events, particularly the three dedicated workshops. 

• Part II (section 3): a structured work plan for nanosatellite development. The plan integrates 
principles of mission design, system engineering, subsystem specification, assembly 
integration verification (AIV), and capacity-building elements, making it directly adoptable by 
African higher education institutions (HEIs), research organisations, and industry partners. 

• Annexes: non-exhaustive collection of outputs produced during WP6, including events 
organisation material, assignments, technical reports, and presentations prepared by the 
trainees1.  

The proposed work plan is designed to be adaptable for various mission needs within the nanosatellite 
class, with a particular focus on CubeSat-standard systems. It consolidates the knowledge transferred 
during the workshops into a development roadmap.  

 

 

 

 

  

 
1 The detailed learning material developed within WP6 is not included here for the sake of conciseness, but can 
be made available as a separate data package if required. 
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2 Work Package 6 Activities 
The work package revolved around three main events aimed at laying down the foundation of a 
workplan for the design and assembly of nanosatellites in Africa, namely: 

a) A starting, on-site workshop, held at Cape Town University of Technology (CPUT) form the 10th 
to 16th of March 2024 

b) An intermediate, virtual workshop, held from the 10th to 16th of February 2025. 
c) A final, on-site workshop, held at Cape Town University of Technology (CPUT) from August 

10th to August 16th 2025. 

The aim of the events was to promote knowledge transfer towards Africa in the field of space missions 
science and technology using small satellite platforms.  

Thanks to a combination of frontal lectures and hands-on sessions, the workshops addressed the 
following topics: 

• Fundamentals of astrodynamics  
• Lifecycle of a space mission, requirements and systems engineering 
• Nanosatellites mission design 
• Concurrent Design Facility approach to mission design 
• Nanosatellites subsystems 
• EMC and Finite Elements Analysis 
• Sensors for space exploration 
• Environmental aspects 

Highlights of the two on-site workshops included: 

• 2+2 days of training sessions with several nanosatellite educational kits 
• Visits and demo sessions at CPUT facilities, which include clean rooms, thermal cycle 

chambers, RF equipment testing.  
• One-day visit to SANSA, the South African National Space Agency 
• One-day visit to Howteq Assembly Integration and Testing facility 
• Mission design case studies 

This first workshop has been the start of a continuing learning path lasting 18 months, being followed 
by progress meetings, an intermediate virtual workshop, and a final on site workshop. 

The aim of virtual Workshop 2, intended to hosting the participants from the March 2023 Workshop 
at CPUT, plus new attendees from within the consortium, was to give the attendees the chance to 
present their work in topics related to Space Engineering faced during the homework assignments 
originated from Workshop 1, or at their home institutions.  

Work Package 6 culminated in the Final Workshop, which completed the learning path thanks to new 
mission design activities using state-of-the art software for concurrent design, along with new hands-
on training sessions and learning skills on the topic of electromagnetic compatibilities. 

The visit to the Houwteq Assembly Integration and Testing (AIT) facility allowed trainees to appreciate 
how the lifecycle of a satellite does not end with its design, but requires specialised skills and 
infrastructure for AIT. 
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As an outcome of the continuous learning path fostered within the WP, participants are now able to 
transfer the knowledge gained during the workshops into projects at their home institutions. 

Some of the key outcomes are summarized as follows: 

- Homework/presentations prepared by the trainees (see Annex) 
- 2 MSc thesis produced by students involved in the work package, namely: 

o Nick Warren, topic “Earth’s magnetic field, magnetic reversals, and asteroids” (WITS) 
o Emily-Rose Steyn, topic: “Measuring quality of life in South Africa from satellite 

images using machine learning” (WITS) 
- Hands-on activities on real nanosatellite components 
- Interaction with relevant stakeholders of the Space sector in Africa, especially industry and 

research institutes, not limited to those directly involved in the WP. Notable contributions 
included: 

o AAC Space South Africa, with Managing Director Dr. Robert Van Zyl, being an 
instructor at the first workshop and organizer of the hands-on training session at the 
final workshop. 

o NMD - Nanosatellite Missions Design, with founder Dr. Ifriky Tadadjeu, being an 
instructor during the final workshop. 

o ISIS Space South Africa – with the manager of the South Africa premises, Mr Johan 
Erasmus, being an instructor during the final Workshop for hands-on training on real 
nanosatellite components. 

o Spaceteq company hosting a visit on Aug. 13th 2025 at its Houwteq assembly and 
integration facilities, including clean rooms, thermal-vacuum ovens, anechoic 
chamber, mechanical and vibration. 

o South Africa National Space Agency (SANSA), hosting a visit at its Hermanus facilities 
on March 13th 2024, delving into space science and sensors for space missions. 

In the following table, a mapping is provided to confirm that all relevant WP6 indicators tied to D6.1 
were addressed through the workshop series, with verifiable outputs in the form of training materials 
and participants’ work. 
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WP6 Activities and Coverage of Objectives/Indicators 

WP6 Objective / Indicator Related Activity Workshop Content Evidence / Verification 

Creation of a project plan for designing 
and assembling nanosatellites (D6.1) 

Design-focused lectures, case studies, 
group exercises 

Mission Analysis & System Engineering; 
subsystem design; AIV; ground segment, 
Concurrent Design Facilities 

Workshop slides and learning material 
(e.g. 5.3.2, 5.5), attendance lists (5.1.1, 
5.3.1, 5.3.3); this deliverable 

Training of at least 20 research staff 
from African HEIs 

In-person WP6 workshops at CPUT, March 
2024 and August 2025 

Mission design ADCS, Power Systems, 
Communications, Propulsion 

Attendance lists (5.1.1, 5.3.1, 5.3.3) 

Promotion of collaborative actions 
between African and EU partners in 
satellite science and technology 

Site visits, networking and social events 
Integration of industry experts; joint 
design exercises;  

Workshop agendas (5.1, 5.2, 5.3.1) 

MSc theses and internships 
 MSc final project work and internships’ 
related activities 

 MSc students’ presentations on Day 1 of 
the Virtual Workshop  

MSc project abstracts (5.4.3), internship 
reports (5.5)  

Creation of nanosatellite components 
for training 

Lab-based, hands-on training (ESAT 
platform, ISIS Space training kits) 

Embedded hardware / software  
integration 

Lab session notes (5.6), software in 
support of the training sessions 
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3 Workplan for the Design and Assembly of Nanosatellites 

3.1 Identifying User Needs for a Nanosatellite program in Africa 

The need for Nanosatellite programs in Africa stems from the need to solve problems for which space 
missions provide the most efficient and cost effective solutions over time. These problems are already 
partially solved with data from existing satellites operated by friends and partners of Africa. However, 
sustainability of space-based solutions for Africa has to be secured by sufficient sovereignty at 
institutional level, business competitiveness at economic level, and scientific research independence 
at a more fundamental knowledge creation level. 

Since their invention, nanosatellites have been a consistent educational vehicle for the acceleration 
of human capacity development globally. While they have also become a pivotal part of the space 
industry from a business perspective, they still remain the most effective vehicle to develop human 
capacity in space technologies.  

Be it for needs of sovereignty, business, R&D, or human capacity development, the particularities and 
specificities of African challenges require a fast, affordable, low risk and effective way to access space. 
Today, Nanosatellites are still the best way to meet these needs with African space-based solutions. 

 

3.2 Mission Design Principles 

The successful development of a nanosatellite begins with a clear and methodical mission design 
process. While small satellites offer the advantages of reduced cost and shorter development times 
compared to larger spacecraft, they still require the same rigour in defining objectives, allocating 
resources, and ensuring subsystem compatibility. A robust mission design framework ensures that all 
engineering activities are guided by coherent, verifiable requirements and that trade-offs are made 
consciously, with a full understanding of their impact on mission performance. 

This work plan adopts a systems engineering approach, following the principles defined in the 
European Cooperation for Space Standardization (ECSS) and structured around the V-model lifecycle. 
This methodology enables the team to progress from high-level needs identification to detailed 
subsystem design and, ultimately, to integration, verification, and operations, while maintaining 
traceability between requirements, design decisions, and verification activities. 

3.2.1 Mission design in a Concurrent Design approach 

At its core, Concurrent Engineering Design is used for the design of multidisciplinary systems which 
are inherently relatively complex, and involve a wide range of stakeholders from various backgrounds 
(technical, institutional, financial, managerial, socio-economic, etc). 

It involves designing technological systems with the simultaneous contributions of all stakeholders 
such that each understands how others are affected by them, how they affect others, and how the 
entire system integrates. Everyone understands the “big picture” and participates in a process 
whereby efforts are made to converge towards a common goal taking into account all constraints and 
interfaces (technical, legal, financial, socio-economic, etc). This is achieved by organized Concurrent 
Design Sessions, carried out periodically in a specifically designed room called a Concurrent Design 
Facility (CDF). 



                     
 

 
FAST4Future – Work Package 6                                                           12 

A well executed concurrent design implementation reduces the cost and time of design while 
increasing the reliability of the designed system. This is because the process itself significantly reduces 
the probability of any part of the whole system being redesigned or rebuilt.   

Concurrent design of spacecrafts and space missions has been known to increase the reliability of 
nanosatellite space systems while reducing the design time from an average of 2 years down to about 
3 months. This scale of efficiency is true for all categories of satellites and space missions. 

With the right tools, efficiency can further be increased with the creation of subsystem and 
component catalogs from successful designs. This allows for the reuse of work that has been known 
to be previously successful, without omitting any potential modifications where necessary. Such tools 
include (but are not limited to) the CNES Concurrent Design Tools which include packages such as IDM-
CIC, IDM-VIEW, SIMU-CIC, VTS Timeloop, RF-Comlink, OPALIS, and more. These tools are open to use 
and customizable. They are therefore ideal for both training and real-world applications, even in 
environments with very distinct specificities.  

As part of the Final WP6 workshop held at CPUT in August 2025, participants undertook a two-day 
concurrent design training session. The activity provided practical experience with the CNES CDF 
software tools and demonstrated their application to representative mission scenarios. 

 
 

3.2.2 Systems Engineering Flow 

The development process starts with the mission’s overarching goals and progresses through several 
well-defined steps: 

1. Needs Identification – Understanding user needs and mission drivers, whether scientific, 
technological, or commercial, and defining clear success criteria. 

2. Requirements Definition – Translating these needs into measurable and verifiable system-
level requirements, then cascading them down to subsystem specifications. 

3. Concept of Operations (ConOps) – Describing how the mission will be conducted to meet the 
requirements, including mission phases, operational scenarios, resource allocation, and 
contingency strategies.  
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4. Preliminary Design – Generating possible technical solutions, performing feasibility analyses, 
and identifying key trade-offs. 

5. Detailed Design – Finalising subsystem configurations, materials, and processes, and 
documenting interface definitions. 

6. Implementation – Manufacturing, assembly, and integration of components into the flight 
model. 

7. Operation and Disposal – Conducting the mission according to the operations plan and 
executing an end-of-life strategy that complies with space debris mitigation guidelines. 

This flow is represented in the V-model diagram, which illustrates the parallel development of 
requirements and verification plans. The left-hand side of the “V” defines and decomposes 
requirements, while the right-hand side integrates and verifies them, ensuring that each requirement 
is validated against the original mission needs. 

 

V-model lifecycle adapted for nanosatellites 

3.2.3  Requirements Flow-Down 

A critical element of systems engineering is requirements traceability. Every subsystem requirement 
must link directly to a mission or system-level requirement. This ensures that no unnecessary features 
are designed and that every design choice supports a verified mission need. 

The following table provides few examples of flow-down form Mission objectives to subsystem 
requirements 

Mission Objective System Requirement Subsystem Requirement 
Capture 5 m GSD multispectral 
images 

Pointing accuracy ≤ 
0.1° 

ADCS shall achieve 3-axis stabilisation with jitter ≤ 20 
arcsec 

Download 500 MB/day 
S-band downlink ≥ 1 
Mbps 

Communications subsystem shall use QPSK modulation, 
coding rate ≥ 1/2 

 
Such a flow-down approach allows for consistent design decision-making, early detection of 
requirement conflicts, and systematic preparation for verification activities. 

In formal project documentation, these requirements must given unique alphanumeric identifiers 
following common standards (such as ECSS-E-ST-10-06). This coding facilitates easy reference, 



                     
 

 
FAST4Future – Work Package 6                                                           14 

change tracking, and automated requirements management. The table below shows an example of 
traceability for the same requirements using a simplified ECSS-like coding structure: 

Requirement ID Description Requirement Level Parent Requirement(s) 

M-001 Capture 5 m GSD multispectral images Mission – 

SYS-ADCS-010 
The system shall have a pointing accuracy 
≤ 0.1° 

System M-001 

SUB-ADCS-020 
The ADCS shall achieve 3-axis stabilisation 
with jitter ≤ 20 arcsec 

Subsystem SYS-ADCS-010 

M-002 Download 500 MB/day Mission – 

SYS-COM-030 
The system shall provide an S-band 
downlink ≥ 1 Mbps 

System M-002 

SUB-COM-040 
The communications subsystem shall use 
QPSK modulation, coding rate ≥ 1/2 

Subsystem SYS-COM-030 

 

This approach ensures that for any given subsystem-level requirement, its origin and purpose can be 
traced back to a higher-level mission driver, supporting  effectively the technical reviews. 

3.2.4 Concept of Operations – ConOps 

The Concept of Operations (ConOps) describes how the nanosatellite mission will be executed from 
launch through disposal, linking high-level mission objectives to the detailed technical and operational 
requirements. It provides a clear, shared understanding of the mission’s intended use and the 
operational environment for all stakeholders. For nanosatellite projects, the ConOps typically defines: 

• Mission phases – Launch and Early Orbit Phase (LEOP), commissioning, nominal operations, 
and deorbit/disposal. 

• Operational timelines – key events such as payload activation periods, communication 
windows, and maintenance activities. 

• Resource planning – allocation of power, data handling capacity, and ground station access 
for each phase. 

Within the work plan for developing a nanosatellite mission, the ConOps serves primarily to: 

1. Align stakeholders – ensuring that universities, agencies, and industry partners share a 
consistent vision of the mission operational goals and constraints. 

2. Support requirements definition – providing the operational basis for deriving measurable 
technical specifications for the satellite subsystems. 

3. Guide training activities – acting as a practical reference during workshops and hands-on 
sessions, facilitating knowledge transfer of operational best practices to African HEIs. 

In practice, a ConOps is often summarised through a diagram or infographic that captures mission 
phases, key interactions, and operational timelines at a glance, making it easier for all stakeholders to 
interpret and providing a visually engaging reference for the entire team. It is advised to establish the 
ConOps very early in the design process, to reduce the risk of misaligned expectations. 
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Example of a ConOps infographic for a CubeSat companion mission to Enceladus.  

3.2.5 CubeSat Standard and Buy-vs-Build Decision – Context for African Missions 

The CubeSat Design Specification (CDS) has become the de facto standard for nanosatellite 
platforms worldwide. It defines the physical dimensions, mounting interfaces, and deployment 
constraints for standardised unit sizes such as 1U (10×10×10 cm), 3U, 6U, 12U, and beyond. This 
standardisation has fundamentally transformed access to space for smaller organisations, 
including universities, research institutes, and emerging space agencies. 

In the African context, the relevance of the CubeSat standard to the creation of a bespoke work 
plan is particularly strong: 

• Lower development costs – CubeSat hardware benefits from a competitive global market with 
multiple suppliers, reducing the cost barrier for new entrants. 

• Faster development times – Availability of commercial off-the-shelf (COTS) modules shortens 
the design and manufacturing phase, enabling missions to be realised within academic or 
funding cycles. 

• Launch opportunities – Many launch providers and rideshare programmes offer standardised 
CubeSat deployers, increasing the frequency and affordability of launch slots. 

• Capacity building – CubeSat projects provide hands-on experience for students and early-
career engineers, accelerating skills transfer in both systems engineering and subsystem-
specific expertise. 

• Modular scalability – Designs can start with a 1U demonstrator and evolve into larger 3U/6U 
platforms for more complex missions, leveraging the same work plan structure. 

Within the CubeSat framework, teams must still decide between purchasing integrated COTS 
subsystems (“buy”) and developing them in-house (“build”). This decision is especially critical in 
environments where supply chains, import/export regulations, and local manufacturing 
capabilities vary widely. 
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• Buy – Faster deployment and lower technical risk, with the trade-off of higher dependence on 
external suppliers and potential vulnerability to export control restrictions. 

• Build – Greater control over the design, increased local manufacturing capability, and stronger 
knowledge retention, but at the cost of longer development times and potentially higher 
technical risk. 

For the purposes of this deliverable, the CubeSat standard is adopted as the main platform 
baseline, as it provides the most viable path for African space stakeholders to develop and launch 
operational missions within realistic budget and schedule constraints, while building local 
capability for future, more ambitious spacecraft projects. 

 

CubeSat size variants (source: https://www.asi.it/wp-content/uploads/2023/01/Satellite_form-1.jpg) 

3.2.6 Orbit–Payload–Subsystem Dependency 

Orbit selection affects every subsystem and must therefore be considered early in the mission design 
process. Parameters such as altitude, inclination, and local solar time influence coverage, revisit time, 
radiation environment, and thermal cycles. 

For example: 

• Higher altitudes reduce atmospheric drag but lower imaging resolution for a given payload. 

• Sun-synchronous orbits ensure consistent lighting for Earth observation and stable solar array 
performance. 

• High-inclination orbits maximise ground coverage for high-latitude regions but require more 
ΔV for injection. 

3.2.7 Review Milestones 

At defined points in the development lifecycle, formal reviews are conducted to ensure that 
requirements are met and risks are understood: 

• System Requirements Review (SRR) – Confirms that mission and system-level requirements 
are complete, consistent, and verifiable. 

• Preliminary Design Review (PDR) – Validates that the preliminary design meets requirements 
with acceptable technical and programmatic risk. 
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• Critical Design Review (CDR) – Confirms that the detailed design is mature, all risks are 
mitigated, and manufacturing can proceed. 

• Flight Acceptance Review (FAR) – Verifies that the integrated satellite meets all acceptance 
criteria and is ready for launch. 

These reviews serve as a key opportunity to engage stakeholders, identify potential issues before they 
escalate, and formally document design maturity. Each review typically results in an action list that 
must be addressed before the next project phase can begin. In the context of nanosatellite 
development, where timelines are often compressed, careful preparation for each milestone is 
essential to avoid delays in integration and launch. 

3.3 Mission Phases and Deliverables 

The development of a nanosatellite follows a structured set of phases, each with specific objectives, 
activities, and outputs. 

While the underlying logic is similar to that of large spacecraft, nanosatellite programmes often 
operate under tighter schedules and budgets, which means the phases are shorter and sometimes 
partially overlapped. 

Nevertheless, adhering to a clear phase structure helps maintain project discipline, ensures that all 
stakeholders share a common understanding of progress, and enables timely identification of 
technical or programmatic risks. 

3.3.1 ECSS Lifecycle Adaptation for Nanosatellites 

The European Cooperation for Space Standardization (ECSS) defines a standard lifecycle for space 
systems, broken down into Phases 0 through F. 

In the context of nanosatellite development, this lifecycle is typically adapted to reflect the reduced 
scale of the platform and the need for agile decision-making, while retaining the essential logic of 
progressive design maturation, risk reduction, and verification.    

Although the typical mission lifecycle is inherently sequential, nanosatellite-based projects often 
benefit from an agile approach within phases. For example, while subsystem requirements are still 
being refined, early hardware prototypes can be built and tested to reduce technical risk (“protoflight” 
or “flat-sat” approaches). This parallelism accelerates learning and allows earlier detection of 
integration issues, but it must be carefully managed to avoid redesigns and multiple iterations. 

3.3.2 Phase Transitions and Reviews 

Each phase concludes with a formal review to confirm readiness to proceed to the next stage. These 
reviews are essential for maintaining quality and ensuring that no critical steps are overlooked. In 
nanosatellite projects, review packages are often streamlined compared to large missions, but they 
should still capture: 

• The current status of design maturity 

• Updated risk assessments 

• Any open actions from previous reviews 

• A plan for the upcoming phase, including schedule and resources 

Review outcomes typically fall into one of three categories: 
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1. Go – proceed as planned. 

2. Conditional Go – proceed once specific actions are completed. 

3. No-Go – hold progression until major issues are resolved. 

 

 

Phase Objective Typical 
Duration Key Deliverables 

  0 – Mission 
Analysis 

Define user needs, assess 
feasibility, explore options 

Weeks to a 
few months 

Mission Needs Statement, 
Preliminary CONOPS, 
Feasibility Assessment 

A – 
Feasibility 

Select baseline mission 
concept, assess risks 

2–3 months 
Feasibility Report, Initial 
Requirements Baseline 

B – 
Preliminary 
Definition 

Develop preliminary design 
for all subsystems 

3–6 months 

System Requirements 
Document (SRD), 
Preliminary Design Review 
(PDR) data package 

C – Detailed 
Definition 

Finalise detailed design and 
prepare for manufacturing 

4–8 months 

Critical Design Review 
(CDR) data package, 
Assembly Integration and 
Verification (AIV) Plan 

D – 
Qualification 
& Production 

Manufacture, integrate, 
and test flight hardware 

4–6 months 
Assembly and Test Reports, 
Flight Acceptance Review 
(FAR) data package 

E – 
Utilisation 

Operate the satellite and 
payload in orbit 

Mission 
lifetime 

Operations Procedures, 
Anomaly and Performance 
Reports 

F – Disposal Safely dispose of 
spacecraft at end-of-life 

Weeks to 
months 

End-of-Life Report, 
Passivation Confirmation 

 

Space mission lifecycle. 

3.4 Work plan for design and development of the nanosatellite subsystems 

This section outlines the work plan for the design and development of the nanosatellite platform 
subsystems. 
The presentation is intentionally structured around bullet points and checklists to provide a clear, 
step-by-step reference framework. This format is intended to facilitate systematic progress 
monitoring and verification at each stage of the design, development, and implementation process. 

The following subsystems are covered in detail in the subsequent sections: 

• Structure & Thermal Control 

• Electrical Power System (EPS) 

• Attitude Determination & Control System (ADCS) 

• Communications Subsystem (TT&C & Payload Downlink) 

• Onboard Data Handling (OBDH) & Software 
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• Propulsion (if applicable) 

• Ground Segment 

As an illustrative example, below is an exploded view of the EST-1 CubeSat highlighting the subsystems 
and their physical arrangement within the inherently modular structure. 

 
Credits: Hannes993, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=24517565 

3.4.1 Attitude Determination and Control Subsystems 

The Attitude Determination and Control System is responsible for knowing and controlling the 
orientation of the satellite in space. In a nanosatellite, ADCS performance directly influences mission 
success: imaging payloads require precise pointing to achieve the intended resolution; 
communications links depend on antenna alignment; and solar arrays must be oriented to maximise 
energy generation. 

For these reasons, ADCS design must be approached early in the project, in parallel with payload 
definition and orbit selection, since these parameters set the baseline pointing requirements. 

3.4.1.1 Functional Role and Mission Context 

A nanosatellite in orbit is subject to a variety of forces and torques, some beneficial and some 
disruptive. Beneficial effects, such as gravity-gradient stabilisation, can sometimes be exploited to 
passively maintain orientation, reducing the need for active control. However, for most modern 
missions—especially those involving high-resolution imaging, narrow-beam antennas, or agile 
retargeting—active control is required to counteract disturbances and execute slewing manoeuvres. 

The ADCS can be functionally divided into two tightly coupled parts: 


