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Abstract 

The space economy's growth is constrained by a shortage of professionals with hands-on experience in the 
design, build, and operation of space systems. This report presents the Space Engineering Technology 
(SET) curriculum, a four-semester university course sequence that develops space-workforce capability 
through experiential learning: student cohorts design, build, test, launch, and operate real spacecraft and 
science payloads. The curriculum's distinctive dual-track architecture divides each student generation into 
a payload cohort and a spacecraft cohort that follow parallel, systems-engineering-driven course sequences 
and are coupled by a formal handover, in which the payload cohort delivers a tested, calibrated instrument 
to the spacecraft cohort for integration and flight. Model-based systems engineering, implemented in an 
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open-source digital engineering platform, runs as a continuous thread through all four semesters, carrying 
each design from mission requirements through formal design reviews to build authorization, verification, 
and mission operations. The curriculum distills more than a decade of curriculum development and six 
years of delivery experience from the University of Hawaiʻi at Mānoa's Earth and Planetary Exploration 
Technology program and is designed for adoption by universities with or without established engineering 
programs. The report documents the complete module-level schedules for both cohort tracks across all four 
courses, the associated review-gate structure, and the considerations governing implementation. This report 
will provide the design baseline for subsequent evaluation studies of the program. 

Keywords: space workforce development; experiential learning; transdisciplinary environment; space 
systems engineering; CubeSat; model-based systems engineering (MBSE); curriculum design; dual-track; 
project-based learning; undergraduate STEM education 
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1. Introduction  
For the US to remain competitive in the space economy over growing international competition, a 
significant increase in the workforce skilled in developing complex space systems is required. One of the 
key elements of developing a competitive workforce in space system science, engineering, and technology 
(SET) is both in the quantity and the quality of technical school and university graduates (at the bachelor’s 
and master’s degree level) and their propensity to contribute to innovation in all fields of research and 
production, which is important for both robotic and human space flight. Key comparators in the 
manpower/workforce competition in both quantity and quality lies in the structure of higher education 
systems and the structure of programs that deliver the workforce that is transdisciplinary with a focus on 
sustainability.  
 

1.1 Competitive Higher Education in SET 
A brief characterization of the major US competitors' polities may assist in indicating strengths, weaknesses, 
and opportunities for innovation and expansion of the US technical and higher education framework needed 
to maintain its preeminence [1]. The key international competitors for the United States are the People’s 
Republic of China (PRC) and the European Economic Union (EEU). A brief characterization of education 
frameworks cannot substitute for a detailed analysis, which we propose to undertake eventually, to provide 
a reasonable background for the arguments indicating the need for an upgrade of US education and 
opportunities in SET. 
 
The PRC higher education framework is dominated by the development of a significant number of top-level 
research universities which typically educate more than 40% of their students in science and engineering. 
Several of the leading universities are technical only (engineering universities) granting 100% architecture, 
science, and engineering degrees. Aerospace engineering is taught in almost all these schools. In addition, 
the PRC has mission based technical universities with direct relevance (and ties) to the respective armed 
forces, e.g. Space Engineering University located in Beijing, China. 
 
The EEU framework is more diverse and still reflects the historical frameworks of its multiple nations. 
However, some overarching trends (strengthened through the Bologna process) characterize the EEU 
framework. In most EEU countries, regular universities teach science but not engineering. Technical 
Universities teach exclusively both science and engineering (including aerospace engineering) to the PhD 
level. In many EEU countries most engineers (at bachelor and sometimes master’s level) are educated in 
Universities of Applied Science, with a professional practice-oriented education, as the name implies. A 
few aerospace engineers are educated through apprenticeships finally achieving professional certificates 
equivalent to bachelor’s and master’s degrees.  
 
In the US educational framework several high-level technical universities also serve aerospace education. 
Most of the US engineering education is provided by regular universities through their colleges of 
engineering. However, only about 12% of US engineering schools do have a bona fide aerospace 
engineering program mostly with a heavy emphasis on aeronautics and mostly with very traditional 
engineering curricula that is siloed into a mechanical engineering pedagogy, even though most complex 
aerospace and space systems require a multidisciplinary approach to education with an emphasis on 
computing. Appendix A provides a list of currently existing ABET accredited US aerospace Engineering 
programs. 
 
The only higher education system truly competitive to the US system are the ones in the PRC. The 
difference between the two science and engineering education systems is the concentration of the PRC top 
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level engineering education in dedicated technical/engineering universities and the existence of mission-
oriented universities with many aligned with armed forces. According to the Shanghai Rankings [2], seven 
of the top ten Aerospace Engineering programs are located in the PRC, two in the US (MIT (6) & Purdue 
(9)), and one in the EEU (Delft University of Technology (10)). While the US system has some notable 
technical/engineering universities most of the science and engineering education take place in the (to date) 
eighty-one aerospace engineering departments mostly at regular universities.  
 

1.2 Aerospace Student Enrollment 
An additional critical aspect to be aware of is the relative and absolute number of students enrolled in 
science and engineering programs [3], where the PRC is leading in both absolute (in direct comparison) and 
relative (% of total enrollment) numbers of undergraduate and graduate degrees awarded in science and 
engineering, including aerospace engineering. To maintain the strategic lead of the US aerospace industry, 
both the quantity and the quality of aerospace graduates must be improved nationally.  
 

1.3 Competitive Advantage Opportunity for US 
To create and maintain an edge over competitor’s key education system advantages, an attempt could be 
made to emulate and outpace the competitors verified advantages. It could be argued that the creation of 
more aerospace engineering departments or the creation of more technical/engineering universities would 
be able to counter PRC developments.  
 
It could also be argued that unlike existing military academies which focus on officer formation, dedicated 
defense engineering universities could provide a research-intensive technical education analogous to 
China's PLA-aligned technical university system. 
 
These options are difficult to envision as education in the US is a state obligation and therefore mostly 
focused on local needs. This White Paper scope does not allow us to discuss these options. It will propose 
a different opportunity, well suited for and building on a particular strength of the US higher education 
system, to build an aerospace workforce capacity that is relevant to the design and build of modern and 
future aerospace systems. 
 
A different approach to create and maintain an edge over competitor’s key education system advantages is 
the recognition that space systems science, engineering, and technology (SET), rather than traditional siloed 
aerospace engineering, are of growing importance for the development of a flexible and innovative space 
industry [4]. The proposed approach recognizes that in the current environment an opportunity opens for 
traditional US universities to establish modern and innovative SET programs that are based on a 
transdisciplinary pedagogy; whose goal is to unify knowledge between and across multiple disciplines with 
equal significance [5], [6].  Underpinning these programs will be systems science and model-based systems 
engineering. This requires a collaborative approach to both research and education - emphasizing academic 
education combined with project-based learning, teamwork, technical expertise, and system-level 
multidisciplinary thinking that US universities have a structural opportunity to develop better and faster 
than any competitor’s polity. Truly transdisciplinary learning environments could be envisioned as solidly 
being based in science and engineering, with a curriculum that emphasizes model-based systems science 
and systems engineering, a key element for delivering innovative space science and engineering education. 
A concept like this cannot easily be emulated by EEU and PRC systems.  
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The large number and accessibility of comprehensive universities in the US is difficult to replicate in EEU 
systems where engineering education is concentrated in technical universities rather than distributed across 
general universities. The structure of US higher education — the large number of comprehensive research 
universities with diverse STEM departments — creates a unique opportunity for rapid, distributed 
implementation of SET programs at scale through the sharing of subject matter experts. If implemented at 
a large number of research and comprehensive universities with science and engineering schools and/or 
outside of higher education in pre-professional and professional environments, it can significantly grow 
space literacy and intern the space workforce.  
 
The purpose of this paper is to describe and make available for adoption/implementation a proven and tested 
model curriculum that can be implemented nationwide at reasonable investment costs with the potential for 
a large return on investment to affect a significant increase of the space workforce pipeline. If proliferated 
throughout (and coordinated with other measures) it can deliver a significant increase in aerospace literate 
college graduates in the US ready to join the space industry. This can be an important element of 
maintaining the leadership role the nation holds at present.  
 
To our knowledge, neither the EEU nor PRC higher education structures currently offer an equivalent 
pathway for broad, institution-wide adoption of space literacy credentials outside of specialist engineering 
programs, though a detailed comparative analysis remains a valuable next step. 

2.0 Purpose of SET 
 
The awarded NASA MPLAN HeroX proposal on Space systems science, Engineering, and Technology 
(SET) intent was to develop model curricula, delivery and dissemination options for educational programs 
that increase the space literate workforce by educating science, engineering and business majors in space 
system science and technology while graduating in their disciplines (e.g. a physics major with space system 
science and engineering credentials, or an electrical and computer engineering major with space system 
science and engineering credentials, in form of a certificate, minor, or BS embedded concentration). This 
new class of college graduates, if produced in sufficient numbers, has great potential in creating a strategic 
advantage over international space competitors by having the ability to design and manage complex space 
systems while working in a cross-disciplinary and multi-disciplinary environments based on a 
transdisciplinary and project-based learning pedagogy.  
 
The white paper will present undergraduate and graduate curricula suitable for regular and 
innovative/advanced delivery modes in space systems science and engineering. The proposed curricula will 
be a modification of the successfully implemented and tested Earth and Planetary Exploration Technology 
(EPET) program at the University of Hawaiʻi at Mānoa (UHM), where multidisciplinary groups of students 
acquire the knowledge, tools, and experience in the development of space assets. A key outcome will be a 
business and logic model for the establishment of SET programs at universities without aerospace degrees; 
detailed implementation planning is identified as a Phase 2 deliverable.  

2.1 Objectives 
 
The overall goal of this project is to expand the workforce for developing space systems for the 21st century. 
The project creates curricula for transdisciplinary Space system science, Engineering, and Technology 
(SET) programs. It draws on the successful UHM EPET programs, by capturing key curriculum content 
and academic architecture essentials, through a project-based learning experience (PJBL). PJBL as a 
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pedagogical tool has been demonstrated to improve students’ technical skills, problem-solving, and career 
readiness [7]. 
 
 
The proposed SET curricula represent a new approach to educating a flexible and innovative workforce that 
enables space organizations to be innovative and successful. The key objective of the curricula is to provide 
students with the experience of working within a multi-disciplinary environment on mission focused space 
system design using a model-based systems engineering (MBSE) approach over the complete life cycle - a 
true design, build, launch, operate (DBLO) experience. 
 
In addition to undergraduate curricula, this paper will include graduate curricula that provide students with 
experience in multi-disciplinary research and development. This will allow students to expand skills into 
disciplines that are in demand for future space systems development. 
 
The reformulation of the EPET course material will be the genesis for expanding the SET curriculum to a 
BS/MS degree program. The general elements will include course concept, science and engineering course 
content, sequence of instruction elements, and integration of design and build pedagogy. All using a model-
centric approach in the capture and dissemination of design information. The outcome will be the general 
curriculum architecture content that is transferable, an overview of resources needed, and a first order 
estimate of the cost of establishing a SET program [1]. In addition, we will investigate a condensed delivery 
mode for the SET curriculum that is collaborative between several academic institutions or between 
academic institutions and public and private space-oriented enterprises and/or delivered by independent 
education providers. 

2.2 UHM EPET Overview  
 
The space system science and engineering program is based on the Earth and Planetary Exploration (EPET) 
curriculum at UHM and represents transformative educational programs designed to broaden the talent 
pipeline by qualifying non-aerospace engineering majors through interdisciplinary pathways to aerospace 
STEM careers. The PJBL experience offered through EPET helps students build skills in engineering, 
astronomy, and space exploration, making it a unique entry point into fields traditionally underrepresented 
in many university programs. By fostering a dynamic and inclusive environment, EPET empowers students, 
including those from underserved communities, to pursue opportunities in aerospace and engineering. 
 
One of the most significant benefits of the EPET program is the experiential learning through PJBL, which 
emphasize student development through real-world applications. Students actively participate in satellite 
missions, learning to navigate the complexities of space engineering: space mission development, payload 
design, advancing technology readiness levels of spacecraft subsystems. The attractiveness of the program 
lies in the creativity and innovation students demonstrate while solving technical challenges, pushing 
boundaries in space exploration through student-led research and missions; providing a design, build, 
launch, and operate experience. 
 
Another highlight of EPET is the opportunity it provides for students to explore careers in aerospace 
engineering—a pathway that was not traditionally offered at UHM. Through partnerships with programs 
such as the Hawaiʻi Space Grant Consortium (HSGC), NASA, and Research Experience for Undergraduates 
(REU) programs, EPET students can secure valuable internships, strengthening their connections to the 
aerospace industry and gaining practical experience that positions them for future success. 
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In addition to preparing students for professional careers, EPET fosters interdisciplinary collaboration. The 
program encourages students from diverse academic backgrounds to contribute to projects, whether through 
data analysis, engineering, or planetary science. This transdisciplinary approach is key to the program’s 
success and is reflected in the wide array of space missions developed by students, each one expanding the 
frontiers of space exploration. PJBL in interdisciplinary or transdisciplinary education, enhances 
development of critical thinking, problem-solving skills, collaboration, and teamwork [8]. 
 

2.2.1 UHM EPET Program Goals 
The overall goal of the UHM EPET program is to prepare students for developing space systems for the 
21st century. The approach of the program is to ensure that students have appropriate skill sets based on the 
concepts of transdisciplinarity, that space systems are inherently classified as cyber-physical systems (CPS), 
and that they use MBSE methodologies, processes, and tools. Characterizing and architecting space systems 
as a CPS becomes very important to design for sustainability and reconfigurability, for mitigation of space 
debris, and in implementing on-board space situational awareness. Transdisciplinarity provides a pedagogy 
that goes beyond having a multidisciplinary environment and an interdisciplinary team in the design of 
complex systems; it represents the combination of the two to the capture of emerging or new knowledge of 
the system. Present and future space systems will generally be cyber-centric, whereby computing and 
networking represent its core architecture. These CPS systems can be classified as either technical or socio-
technical, e.g., human spaceflight systems. MBSE, the base for DOD Digital Engineering Strategy, 
represents a paradigm that uses formalized representations of systems, known as models, to support and 
facilitate the performance of Systems Engineering (SE) tasks throughout a system’s life cycle, thereby 
providing a single source of truth along with providing a common language for communication across 
disciplines.  
 

 
Figure 1. Overview of a Cyber-Physical System (CPS), showing the integration of physical components (sensors, actuators, and 
spacecraft hardware), computational elements, and communication networks that characterizes modern space systems. The CPS 
framing underpins the Model-Based Systems Engineering (MBSE) approach used throughout the SET curriculum. 
 
EPET represents an innovative space workforce education program, for which students receive a minor. 
This program overcomes the science and engineering divide and embraces the complexity of space systems 
design that underpins modern space exploration and commercialization. It is a team taught by established 
scientists and engineers and has resulted in significant student success. EPET is a four-course sequence of 
science and engineering lecture/laboratory courses. The course sequence provides students with a 
multidisciplinary experience, culminating in a science space mission capstone project, which has resulted 
in two NASA CSLIs being awarded. Model-based systems engineering and concurrent design elements are 
integral parts of the curriculum, and these features of cross-course integration and partnering with industry 
are recommended to better prepare students for future work [9]. 
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2.2.2 UHM EPET Curriculum Description 
The UHM EPET curricula are the result of innovative course design and continuous improvement over the 
past six years. The curricula cover two minors, one in the robotic EPET domain, and the other in Human 
Space Flight Technology.  
 
Basic course structure: Each EPET program is composed of four lecture/laboratory courses of four 
academic credits each, delivered over four consecutive semesters. The lecture laboratory mode requires 
approximately five contact hours per week, optimally delivered in two two-and-a-half hour sessions per 
semester week — a format that has proven most effective for sustaining the lecture, laboratory, and project 
review activities required by the curriculum. This arrangement creates a rich learning environment that 
includes lectures, lecture discussions, laboratory activities, research and capstone project work, all 
necessary engineering design reviews, and the inclusion of university focus areas in written and oral 
communication, and ethics. The introduction of model-based systems engineering (MBSE) in the first 
semester of both minors governs the overall research and capstone project aspect of the course sequence 
and will be used as the governing tool to record and manage the overall progress from payload concept to 
complete a science mission satellite ready for launch or the design and completion of a human space flight 
analog mission.  

Table 2.1 — General EPET-SET Program and Life-Cycle Reviews 
 

 
 
Robotic EPET Program: The first two courses of the robotic EPET sequence are more science oriented 
whereas the last two courses are more engineering oriented. The first course (EPET 201 - Space 
Exploration) is a science and engineering introduction covering both robotic and human space exploration. 
This first course introduces MBSE methodologies and tools, such that students can begin their systems 
design at the concept level. The second course (EPET 301 - Space Science Instrumentation) addresses 
remote and in-situ science modalities for planetary surface analysis. The engineering aspect is maintained 
through the start of the capstone project, the design of a science payload from systems concept review 
through preliminary and critical design review. The third course (EPET 400 - Mission Design) is more 
engineering oriented as the payload related mission is designed with appropriate reviews, while science is 
represented by the completion (build and test) of the payload during the semesters. The fourth course (EPET 
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401 - Capstone Project - Producing a Science Satellite) is almost exclusively engineering oriented as the 
spacecraft will be built, tested and readied for launch. 
 
Human Space Flight EPET (HSFT) Program: 
The Human Space Flight Technology (HSFT) minor follows the same cohort-based four-course structure, 
sharing EPET/ME 201 as its gateway course. The three subsequent HSFT courses (EPET 321, 420, 421) 
address human spaceflight physiology and psychology, mission engineering, life support systems, and 
space policy, culminating in a human spaceflight analog mission capstone. The HSFT minor is of particular 
interest to students from life sciences, social sciences, and psychology alongside engineering students. The 
first complete HSFT cohort of 10 students completed the full sequence in Spring 2026. 
  
Course grading: Courses are graded against life cycle reviews (LCRs) defined for each life-cycle Key 
Decision Point (KDP) in the established space system life-cycle frameworks (including ISO/IEEE 15288 
[10] and NASA Systems Engineering Handbook [11]), aligned to the course sequence as shown in the SET 
curriculum, see Table 2.1. Rather than conventional assignment-based grading, student and team 
performance is assessed on the demonstrated readiness of their project artifacts — models, documents, and 
designs — to satisfy the criteria of the corresponding LCR. Alignment of grading with critical KDPs after 
LCRs reflect authentic points of uncertainty that characterize science and engineering projects [12]. The 
SET curriculum embeds a two-design-step architecture with two parallel review threads. The payload and 
instrument design thread runs from SET 201 through SET 301: SET 201 concludes with a Payload System 
Requirements Review (Payload SRR) that baselines payload requirements; SET 301 progresses through a 
Payload Preliminary Design Review (Payload PDR) and concludes with a Payload Critical Design Review 
(Payload CDR) that serves as the formal build authorization gate — no team may begin building a payload 
without a completed CDR. The spacecraft and mission design thread runs from SET 400 through SET 401: 
SET 400 includes a Spacecraft System Requirements Review (S/C SRR, anchored to the 301 Payload CDR 
outputs) and a Spacecraft Preliminary Design Review (S/C PDR); SET 401 completes the thread with a 
Spacecraft Critical Design Review (S/C CDR), Test Readiness Review (TRR), and Flight Readiness 
Review (FRR) prior to launch. For SET 201 this means demonstrating Mission Readiness Review (MRR) 
and Payload SRR readiness; for SET 301, Payload PDR and Payload CDR readiness; for SET 400, S/C 
SRR and S/C PDR readiness; and for SET 401, S/C CDR, TRR, and FRR readiness. Reviews are conducted 
by faculty panels using LCR as defined in the NASA Systems Engineering Handbook (SEHB) and Space 
Mission Architectural Framework (SMAF), with grades assigned by the instructor of record in consultation 
with the panel. This approach ensures that academic grading reflects authentic engineering judgment 
criteria, directly preparing students for professional design review environments. 
 
Specific LCR master rubrics for each review are identified as a Phase 2 deliverable, to be developed and 
published alongside the master syllabi. 
 
Course project work: Student research groups, at the end of the first semester course or at the start of the 
second semester course of the EPET minor, are introduced into space exploration research through the 
presentation and discussion of the NASA decadal surveys and NASA strategic plans. In discussions, 
students select science questions from areas of NASA’s research interests that they find exciting and for 
which they may be able to develop instruments and missions that can answer the questions. Students use 
the formal approach of the developing a science traceability matrix to establish both the scientific usefulness 
of the project and the potential of its completion as a course capstone project. During the EPET program 
students have developed several NASA aligned space exploration projects of which two were selected for 
support by the NASA CubeSat Launch Initiative (CSLI) program. Payload and mission development 
follows NASA engineering process guidelines with MBSE as a basic tool and appropriate design reviews 
guiding project progress. While the design processes are guided by the curriculum and reflected in allocated 
class time, projects require extracurricular augmentation through university-based internships and 
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scholarships. Students of the Human Space Flight Technology minor, after selecting the topic in EPT 321, 
design and plan the human spaceflight capstone analog mission in the third course and complete a limited 
analog mission test. The completion of the first full analog mission is planned for the 2026 spring semester.  
 

2.3 UHM EPET/ME Program Statistics 
 
The EPET/ME program at the University of Hawaiʻi at Mānoa has operated continuously since Spring 
2020, providing a six-year evidence base for the scalability and impact of the SET curriculum model. Over 
13 semesters from Spring 2020 through Spring 2026, the program has accumulated 439 student-enrollments 
across the four-course robotic EPET sequence, with a current semester enrollment of 49 students. Fifty-four 
students have completed the full program sequence, receiving either the EPET Certificate or the BS in 
Mechanical Engineering with an Aerospace Concentration. 
  
All EPET courses are cross-listed under the ME (Mechanical Engineering) prefix, making the program 
accessible within the College of Engineering curriculum and eligible for engineering degree credit. This 
cross-listing is a structural feature of particular relevance to the SET model: it enables non-aerospace 
engineering majors to acquire space systems credentials without departing from their primary degree 
pathway — precisely the mechanism the SET curriculum is designed to replicate at universities without 
dedicated aerospace programs. 
  
Enrollment has grown significantly since the program's inception. The program launched with a single 
course section in Spring 2020 (8 students) and expanded to a full four-course sequence by Fall 2021. Since 
Fall 2022, the program has consistently operated at the two-course-per-semester level with enrollments in 
the range of 23–60 students per semester, reaching the current four-course configuration in Fall 2025. 
Spring 2026 enrollment of 49 students across four courses sustains that configuration. See Figure 2 for 
graphic of growth of the EPET program through Spring 2026. 
  
The disciplinary breadth of the program is a defining characteristic. Enrolled students have represented 
more than 21 distinct majors. Across the full period Spring 2020 through Spring 2026, engineering students 
account for 53% of cumulative enrollments, science majors for 36%, and other disciplines for 11% (Figure 
2), with Mechanical Engineering alone the largest single major. Over Spring 2020 through Fall 2025, for 
which the major-level breakdown in Table 2.2 is available, this comprised 210 engineering enrollments, 
141 in science — led by Astrophysics (38), Physics (23), and Astronomy (21) — and 39 from disciplines 
including Computer Science, Political Science, Business, and Biology — demonstrating the program's 
success in attracting non-STEM and interdisciplinary majors to space systems education. This breadth 
directly validates the SET model's central premise: that a structured, project-based space curriculum can 
engage students across a wide range of disciplines when embedded within a comprehensive university. See 
Table 2.2. 
  
The Human Space Flight Technology (HSFT) minor, which shares the gateway course EPET/ME 201 with 
the robotic EPET track, commenced its full four-course sequence in Fall 2024. The first complete HSFT 
cohort of 10 students completes the full four-course sequence in Spring 2026, representing the first HSFT 
program completions and providing an initial evidence point for the program's capacity to attract students 
from life sciences, social sciences, and humanities — disciplines not traditionally engaged in space systems 
education. 
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Figure 2. EPET/ME and HSFT program enrollment by semester, Spring 2020–Spring 2026 (N = 439 total student-enrollments 
across 13 semesters). Stacked bars show enrollment by discipline category: Engineering (53%), Science (36%), and Other (11%). 
EPET/ME 201 is the shared gateway course for the robotic EPET and Human Space Flight Technology (HSFT) tracks; HSFT 
enrollment is included from Fall 2024. The Spring 2023 peak reflects two concurrent sections of each course offered that 
semester; staffing constraints prevented continuation of this format. 
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Table 2.2 — EPET/ME Cumulative Enrollment by Major (Spring 2020 – Fall 2025, Top 15 Majors) 

Major / Discipline Enrollments Share 

Mechanical Engineering 165 42% 

Astrophysics 38 10% 

Pre-Engineering 25  6% 

Physics 23  6% 

Astronomy 21  5% 

Unclassified 20  5% 

Electrical Engineering 13  3% 

Earth Sciences 11  3% 

Biology 11  3% 

Env. Earth Science 11  3% 

Computer Science 11  3% 

Earth & Planetary Sci. 7  2% 

Business 6  2% 

Political Science 5  1% 

Chemistry 5  1% 

Total (top 15 majors, Sp 2020–Fa 2025) 372 95% 

Source: HIGP/SOEST EPET program records. Percentages calculated on total enrollments for the period Spring 2020–Fall 2025 (390 
enrollments; Spring 2026 major breakdown pending). Totals may not sum exactly due to rounding. 

  

Table 2.3 — EPET Certificate and BS ME Aerospace Concentration Annual Completions 

Metric Fa 2021 Fa 2022 Fa 2023 Fa 2024 Fa 2025 Sp 2026* Cumulative 

Program 
Completions† 

5 7 14 14 14 — 54 

† Completions defined as: EPET Certificate awarded or BS in Mechanical Engineering with Aerospace Concentration. * Spring 2026 
completions reflect the first HSFT cohort (10 students completing the full HSFT sequence). EPET track Spring 2026 completions pending. 

Source: HIGP/SOEST EPET program records, Spring 2026. 

  

2.4 Program Growth Trajectory 
The program has expanded from one course section per semester in 2020 to four concurrent course sections 
in Fall 2025, tracking the sequential cohort model described in Section 2.2. This progression — one course 
in 2020, two courses from 2021 through mid-2024, three courses from Fall 2024 through Spring 2025, and 
four courses from Fall 2025 — reflects the cohort-based architecture in which each new cohort of students 
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in EPET 201 generates downstream enrollment demand in subsequent courses over the following three 
semesters. The data confirm that the cohort model produces predictable enrollment growth and that the 
program has sufficient student demand to sustain all four course levels simultaneously. This trajectory 
provides a validated empirical basis for the SET program business model in Section 4; detailed enrollment 
and cost projections are identified as a Phase 2 deliverable. 

3.0 Space Systems Science, Engineering, and Technology Program 
 
The SET curriculum will focus on providing students with DBLO of robotic space missions, which is 
inclusive of satellites, lunar vehicles, and sensing networks. The SET program represents an innovative 
approach to educating students on space systems utilizing a transdisciplinary pedagogy. Thus, preparing a 
workforce that is capable of designing complex space systems in a multidisciplinary and interdisciplinary 
environment. 

3.1 SET Outcomes Evolution of the EPET Program  
 
The SET curriculum builds directly on the foundation established by the UHM EPET program while 
incorporating six years of operational lessons learned. The most significant lesson is structural; under the 
EPET program, student project teams were drawn predominantly from the Mechanical Engineering 
department, which created a skill gap in electrical engineering and computer science that extended project 
timelines and, in several cases, prevented cohorts from completing the full design, build, and launch cycle 
within their four-semester sequence. A second lesson concerns project scoping — scientifically ambitious 
projects, while pedagogically valuable, frequently exceeded the capacity of a single cohort, requiring multi-
cohort handovers that introduced knowledge transfer challenges and reduced the sense of complete 
ownership that is central to authentic PJBL. These lessons directly inform the two most important structural 
changes in SET: the deliberate recruitment of students from ECE and CS disciplines to create genuinely 
multidisciplinary teams from the outset, and the predefinition of missions at a scope that can be completed 
— designed, built, launched, and operated — within a single four-semester cohort. This DBLO-per-cohort 
constraint is not a pedagogical compromise; it is a design requirement that drives every element of the SET 
curriculum architecture, from the selection of COTS spacecraft buses to the use of an Agile-compatible 
MBSE methodology that supports rapid iteration. It also underpins the business model; a program that 
reliably delivers a complete DBLO experience within one cohort produces a demonstrable, marketable 
outcome for students, sponsoring institutions, and workforce partners that a multi-cohort handover model 
cannot consistently guarantee. 
 
The mechanism that enforces the DBLO-per-cohort constraint is the dual-track design review architecture. 
The SET curriculum runs two parallel design threads simultaneously: a payload and instrument design 
thread (Payload SRR at the end of SET 201; Payload PDR and Payload CDR at the end of SET 301) and a 
spacecraft and mission design thread (S/C SRR and S/C PDR in SET 400; S/C CDR, TRR, and FRR in 
SET 401). The Payload CDR at the end of SET 301 is the formal build authorization gate: payload build 
cannot begin until the payload design has passed a Critical Design Review conducted by a faculty review 
panel. This gate is not a scheduling convention — it is a genuine engineering gate that directly replicates 
standard practice in government and commercial space programs. The S/C SRR in SET 400 is explicitly 
anchored to the SET 301 Payload CDR outputs, ensuring that spacecraft system requirements are derived 
from a baselined payload design rather than from preliminary concepts that may still change. An overview 
of the program with decision gates are shown in Table 2.1  
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The expected outcomes for the SET curriculum are to increase the aerospace workforce that is relevant for 
the development of present and future complex space systems with an emphasis on the need to have the 
ability to work in a multidisciplinary workplace environment. In general, the SET curriculum will provide 
the following outcomes: 

● Enable expansion of the workforce base for aerospace research and development through alignment 
of the program’s embedded research component with NASA Mission Directorate goals with a strong 
emphasis on the needs that enable Moon and Mars science and human missions.  

● Provides through innovative delivery modes opportunities for upskilling and reskilling of space 
industry and NASA contractors, along with providing knowledge of MBSE processes, 
methodologies, and tools within a digital engineering platform. 

● Provide an innovative pathway to increase the space workforce pipeline through attracting and 
qualifying non-aerospace engineering majors for the development of a flexible and innovative space 
industry and space force. 

 
The implementation of the SET curriculum has the following educational outcomes: 

● Provide a transdisciplinary learning approach for university researchers and students to acquire the 
knowledge and experience of designing, building, launching, and operating space systems. 

● Provide authentic learning experiences. Students will be qualified to enter the space workforce with 
design, build, and launch experience, while receiving an accredited certificate or degree.  

● Enables a strong increase in engagement of students from science, engineering and business 
disciplines with NASA learning and research topics through curriculum architecture and the 
capstone project pathway.  

● Engages multi-disciplinary student teams in space system science, engineering, and technology 
education. The teams will for the most part consist of majors from disciplines in the majors of 
science, engineering, and business, though others will be welcomed. 

3.2 SET UG Curriculum  
 
The SET program will be organized into four contiguous phases: Introduction to Space Systems, Design, 
Build, and Launch/Operate. Each phase is further defined as the following: 
 
Introduction to Space Systems Phase (SET 201): This phase of the SET program will be to introduce the 
students to the various types of space systems and its associated space environments. The focus will be on 
robotic systems that are inclusive of satellites, autonomous planetary vehicles, and autonomous human 
support systems. These systems will be categorized as a Cyber-Physical System (CPS) to support a multi-
disciplinary design approach that will be based on models, utilizing model-based systems engineering 
(MBSE) methodologies, processes and tools. A significant portion of this phase will be focused on students 
gaining the required MBSE skill set, which will be used throughout the system-of-interest life-cycle, 
including simulation tools that will provide design verification. In this phase the students will be given a 
Mission for them to gain DBLO experience from the SET curriculum, providing them with a complete 
PJBL experience of a space system including laboratory sessions to elucidate the discussed material, and 
appropriate Design Reviews. 
 
Design Phase (SET 301): The goal of this phase is to provide students with a more detailed view and 
understanding of a space systems architecture, i.e., a more focused view of the space assets subsystems. 
Though not to only view each subsystem as a separate entity, but just as important to understand how and 
what the functional interconnectivity is between system elements and their physical and functional 
interconnectivity. The importance of this is to provide both correctness and completeness of HW/SW 
interaction, thereby the overall system of interest (SoI). This phase will also provide the students with the 
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time to complete the mission design aspect of the project, which leads to the SoI logical architectural view. 
This will result in achieving Payload PDR (Payload Preliminary Design Review) and Payload CDR 
(Payload Critical Design Review) — the formal build authorization gate that confirms the payload design 
is complete and build-ready before any hardware procurement or assembly begins. Much of the verification 
can be accomplished through model simulation against requirements. 
 
Build Phase (SET 400): The role of this phase is to provide students with an in-depth understanding of the 
various subsystems of an unmanned space system, a system of systems architecture. Each subsystem will 
be classified as CPS, whose HW/SW interaction and design represents the core dissemination of the 
material. The system SW architecture will be discussed whose function is overall control of the space asset 
with a focus on flight SW and/or real-time operating system implementation. There will be a lab for each 
subsystem to assist in elucidation of the associated material. The Build Phase runs two parallel tracks. The 
payload build track executes the SET 301 Payload CDR build plan: parts are procured, electronics are 
assembled and tested, and the payload is structurally integrated and acceptance-tested before being 
delivered to the spacecraft integration team. The spacecraft design track proceeds simultaneously: the 
Spacecraft System Requirements Review (S/C SRR) is conducted early in SET 400, anchored explicitly to 
the SET 301 Payload CDR outputs, and the Spacecraft Preliminary Design Review (S/C PDR) is completed 
by the end of SET 400. Subsystems verification and validation are assessed through hardware testing and 
digital twin simulations, with the spacecraft delivered to SET 401 ready for the Spacecraft Critical Design 
Review (S/C CDR). 
 
Launch/Operate Phase (SET 401): This phase will begin with a mission/system level verification, 
validation, and integration (VV&I) into a launch vehicle, which could consist of a rocket, high-altitude 
balloon (HAB), or the ISS. Upon insertion of the space asset into its operational mode, data retrieval and 
analysis will commence, allowing confirmation of correctness of the mission. Implementation of 
decommissioning and then final mission analysis report is written.  
 
See Appendix B for details of the SET undergraduate curriculum for each phase, including full module lists 
and course schedules. See Table 2.1 for the relation of the SET curriculum to the NASA life-cycle, and 
KDPs. Figure 3 reflects the single cohort payload, spacecraft and mission design thread; the parallel payload 
and instrument design thread (Payload SRR in SET 201; Payload PDR and Payload CDR in SET 301) is 
documented in the dual-track KDP architecture summary as shown in Figure 4 with the curriculum 
summary shown in Table 3.1 and Table 3.2. Note that for each cohort to achieve the full DBLO experience 
the following mission and technology constraints must be implemented: 

• Given the single-track cohort, the mission should be defined or provide several mission types for a 
cohort to investigate and choose early in the SET Introduction Phase.  

• Much of the S/C bus should be COTS based. 
• The launch vehicle should consist of a very short integration and launch availability, which is 

limited to: 
o High-altitude balloon 
o Sub-orbital 
o Drones 

• Ensure that each cohort makeup is appropriately multidisciplinary. 
• Creation of a digital engineering platform that provides consistent collaboration and 

communications between students, stakeholders, and design and simulation tools, and connected 
to a repository for storing of knowledge. 
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Figure 3. Single-cohort (single-track) SET curriculum architecture, showing the four-course sequence (SET 201, 301, 400, 401) 
mapped to NASA project life-cycle phases and Key Decision Point (KDP) review gates, with the payload and spacecraft design 
threads. The Key Decision Point gates are: MRR (Mission Readiness Review) and Payload SRR in SET 201; Payload PDR and 
Payload CDR (Critical Design Review, the build-authorization gate) in SET 301; S/C SRR and S/C PDR in SET 400; and S/C 
CDR, TRR (Test Readiness Review), and FRR (Flight Readiness Review) in SET 401. The Model-Based Systems Engineering 
(MBSE) toolchain runs continuously across all four courses. The reference implementation described here uses the ARCADIA 
method with the open-source Capella modelling tool; the curriculum itself is method-based and is not dependent on any 
particular software. 

 
 

 
 

Figure 4. Dual-track SET curriculum cohort timeline, showing the payload (PL) and spacecraft (SC) cohorts across staggered 
semesters. Both cohorts begin in spring, one year apart. Two inter-cohort transfers are shown: the SRR knowledge and con-ops 
transfer (PL 400 → SC 201) at the start of Spring Year 2, in which the payload cohort passes on the SRR package it produced 
in PL 201, and the physical payload handover (PL 401 → SC 301) at the end of Fall Year 2. Both transfers occur in the semesters 
when the two cohorts are on campus together. The shaded column marks the critical overlap semester (Fall Year 2), when PL 
401 and SC 301 run concurrently and the physical handover takes place. The dual-track configuration reorganizes the same 
module content as the single track (Figure 3) without changing the course sequence or the KDP gates. 
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Table 3.1 — Dual-Track SET Curriculum: Payload Cohort 
Course Sem. Primary activity KDP / gate 
SET 201 PL Sp Y1 Payload concept; science traceability 

matrix (STM, constrained scope); 
Mission requirements; instrument concept 
trade study. 

⬛ MRR 
⬛ Payload SRR — gates entry to SET 301 
PL 

SET 301 PL Fa Y1 Payload detailed design; full instrument 
science (optical detectors, radiation 
detection, spectroscopy labs); full science 
traceability and performance analysis 
Depth of payload innovation is not 
constrained.  

⬛ Payload PDR 
⬛ Payload CDR — build gate 

SET 400 PL Sp Y2 Full payload fabrication — PCB layout 
and manufacture, component assembly, 
unit test, subsystem integration, initial 
acceptance test 

Payload Build (lab, all modules) 
No formal mid-semester KDP; build progress 
reviewed weekly against CDR parts list 

SET 401 PL Fa Y2 Full PL V&V — functional test, 
environmental test (vibration, thermal-
vac), acceptance test; flight readiness 
documentation 
Concurrent with SC 301. Payload 
handover is the pivotal inter-cohort event. 

⬛ Payload FRR 
⬛ Payload handover → SC 301 team (end of 
semester) 

 
Table 3.2 — Dual-Track SET Curriculum: Spacecraft Cohort 

Course Sem. Primary activity KDP / gate 
SET 201 
SC 

Sp Y2 Spacecraft and mission concept; receives Year 1 
PL SRR package as mission science baseline; 
full mission profile development. S/C cohort 
receives a fully specified payload from prior-
year PL cohort 

⬛ MRR 
⬛ PL SRR package received from Year 1 PL 
cohort — defines payload mass, power, 
pointing, data rate, thermal, and interface 
constraints for spacecraft design 

SET 301 
SC 

Fa Y2 S/C preliminary design; full subsystem 
architecture; orbital mechanics; ground and 
launch segments; Concurrent with PL 401. The 
most intellectually demanding course in the SC 
branch — full S/C PDR plus PL receipt. 

⬛ S/C PDR  
⬛ Payload received from PL 401 (end of 
semester) 
SC 301 closes with S/C PDR complete AND 
physical payload in hand.  

SET 400 
SC 

Sp Y3 S/C build with received payload integrated; full 
subsystem fabrication and test; flight software; 
system-level V&V; Focus on spacecraft build 
and integration 

⬛ S/C SRR  
⬛ S/C CDR 

SET 401 
SC 

Fa Y3 S/C + PL system V&V; launch vehicle 
integration; mission operations readiness; launch 
preparation 
This semester carries the full mission through to 
launch — a complete design-build-launch-
operate experience for the SC cohort 

⬛ S/C CDR 
⬛ TRR  
⬛ FRR→ Launch & Operate (future phase) 

3.3 The SET Undergraduate Curriculum Delivery Modes 
For regular semester delivery, the optimal format is two sessions of two-and-a-half hours per week, 
providing the sustained contact time necessary to integrate lectures, laboratory activities, design reviews, 
and project work within a single coherent learning environment. This schedule has been validated through 
six years of EPET program delivery and is adopted as the standard for SET undergraduate programs at 
universities. Detailed module lists for the single-track SET undergraduate sequence — specifying the 
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lecture, laboratory, MBSE, project, and writing components of each module — are provided in Appendix 
B. 
 
Condensed delivery formats, including summer school intensive programs with content equivalent to the 
regular undergraduate curriculum, represent a structurally and pedagogically distinct delivery mode. The 
scheduling architecture, pacing, assessment sequencing, and resource requirements for condensed delivery 
are developed separately and constitute proprietary implementation materials, available to licensed delivery 
partners under formal agreement. 

3.4 The Proposed SET Graduate Curriculum 
The graduate-level SET program addresses a specific and well-documented gap in the aerospace workforce 
pipeline: the transition from disciplinary expertise to space systems competency at the point of professional 
entry. Employers currently address this gap through on-the-job mentoring over one to three years — a 
process that is costly, inconsistent, and heavily dependent on mentor availability. The graduate SET 
program offers a structured, credentialed alternative: a four-month intensive block-mode program organized 
as four consecutive one-month courses corresponding to the Design, Build, Launch, and Operate phases of 
the space system life-cycle, resulting in a graduate certificate in Space Systems Science, Engineering, and 
Technology. Teams are intentionally multidisciplinary, the spacecraft bus is COTS-based, the mission is 
predefined at program entry, and every cohort completes the full DBLO experience within the four-month 
duration. 
The program is designed around a defined set of space systems engineering competencies mapped to 
established professional frameworks including the INCOSE Systems Engineering Competency Framework 
[13] and applicable elements of the Washington Accord [14] graduate attributes. Detailed curriculum 
specifications, assessment rubrics, and delivery protocols are maintained as proprietary implementation 
documentation, available to licensed delivery partners under formal agreement — a governance model that 
supports delivery by academic institutions, non-profit organizations, and commercial education providers 
while protecting the curriculum investment. The graduate certificate also provides the taught-course 
foundation for a future MS degree pathway, which is identified as a Phase 2 deliverable. The delivery modes 
for the graduate program are described in Section 3.5. 

3.5 SET Graduate Curriculum Delivery Modes 
 
The primary delivery model for the graduate program is employer-sponsored block mode, delivered either 
at a university facility under contract or at the sponsoring employer's site. This model aligns the program's 
economics with the employer's workforce development interest: the employer sponsors cohort costs in 
exchange for a cohort of employees who arrive at their roles with verified space systems design experience 
and a portable graduate credential. The program can also be delivered as an open-enrollment summer 
intensive for recent graduates in the period between degree completion and the start of employment — a 
timing window that is professionally significant and logistically available in a way that is difficult to 
replicate at other career stages. Both delivery modes generate revenue sufficient to sustain the program 
without ongoing grant dependency, which is a key advantage over undergraduate certificate programs that 
typically require institutional subsidy. A detailed cost and revenue model for the graduate program is 
provided in Section 4. 
 
The block mode delivery format confers several additional advantages that distinguish the graduate SET 
program from conventional graduate education. Because the program is structured as a graduate certificate 
rather than a degree, the curriculum can be configured at the mission and module level to reflect the specific 
technical priorities, toolchain environments, and workforce needs of the sponsoring organization without 
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triggering accreditation review constraints. A NASA center cohort might be configured around planetary 
science instrumentation and NASA standard engineering processes; a DoD Space Force cohort around 
resilient satellite architecture and mission assurance; a DoE national laboratory cohort around nuclear power 
systems for deep space or radiation-hardened payload design. This configurability makes the program a 
genuine workforce development tool rather than a generic academic offering. For licensed professional 
engineers at sponsoring organizations, the program is structured to qualify for Professional Development 
Hours (PDH) credit toward continuing education requirements for PE license maintenance, and formal 
registration with state licensing boards as a PDH provider is anticipated.1 For international participants, the 
four-month intensive format maps naturally onto the duration of agency exchange assignments from 
organizations such as ESA, JAXA, ISRO, and CSA, enabling partner space agencies to offer their 
employees a credentialed US graduate-level training experience within a standard secondment period. For 
international students completing undergraduate degrees at US institutions, the graduate certificate provides 
an additional credential that strengthens professional visa sponsorship cases with aerospace employers.2 
More broadly, the program creates a pathway for building space systems competency in nations with 
developing space programs that do not yet have the domestic university infrastructure to provide graduate-
level SET education — an outcome with both commercial and strategic value that extends well beyond the 
immediate US workforce development mission. 

4.0 SET Program — Business Model & Logic Model 
This section will provide the logic model for implementing the SET curriculum whose purpose is to 
increase the space workforce that has the skills to design, build, launch, and operate complex space assets 
based on the use of MBSE and working in a transdisciplinary environment. A business model with cost 
estimates on the various delivery modes for implementing this curriculum is discussed in the following 
subsections. 

4.1 Program Logic Model 
The logic model below maps the resources and activities of the SET program to its intended outputs and 
outcomes across all three delivery modes. The structure follows the W.K. Kellogg Foundation logic model 
framework [15], the standard accountability tool used by NASA, NSF, and DoD workforce development 
programs. Each column is subdivided by category to allow readers to locate content relevant to their specific 
context — university administrators, agency workforce planners, or commercial delivery partners. 

 
1 PDH eligibility requirements and the process for registering as an approved continuing education provider vary by state 
licensing board. Formal registration and PDH credit determination should be confirmed with the relevant state boards and 
with UHM's Office of Continuing Education and Professional Development prior to program launch. Requirements for 
professional engineering license maintenance in non-US jurisdictions should be verified separately with the applicable 
national or regional engineering professional body. 
2 Statements regarding visa authorization implications, including OPT eligibility, STEM OPT extension qualification, and H-
1B sponsorship considerations, reflect general program characteristics and should not be construed as legal advice. 
International students and sponsoring employers should consult qualified immigration counsel regarding the specific 
implications of graduate certificate enrollment for their individual visa status and work authorization circumstances. 
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Table 4.1 — SET Program Logic Model 

INPUTS ACTIVITIES OUTPUTS SHORT-
TERM 

OUTCOMES 
(1–3 years) 

MEDIUM-
TERM 

OUTCOMES 
(3–7 years) 

LONG-TERM 
OUTCOMES  

(7+ years) 

Human 
• Faculty & subject 

specialists 
• Program chair 
• MBSE/SE 

practitioner guests 
• Independent 

evaluator 

Financial 
• Institution/grant 

funding (Yr 1) 
• Tuition or employer 

sponsorship 
(ongoing) 

• HSGC/NASA 
student support 

Intellectual 
• Validated EPET 

curriculum (6 yrs) 
• MBSE toolchain 
• KPA rubric suite 
• Proprietary delivery 

protocols 

Infrastructure 
• Laboratories & 

instrumentation 
• MBSE software 

licenses 
• CubeSat buses & 

test equipment 
• NASA/CSLI/industr

y partnerships 

Curriculum 
Delivery 
• 4-course 

lecture/lab 
sequence 
(semester, 
condensed, or 
block) 

• KDP-gated 
design reviews 

• MBSE project 
documentation 

Student Support 
• Multidisciplina

ry cohort 
formation 

• HSGC & REU 
pathway 
support 

• Industry 
placement 
facilitation 

Curriculum 
Development 
• Annual review 

vs. NASA 
priorities 

• KPA rubric 
calibration 

• Graduate 
curriculum 
(Phase 2) 

Partnership 
Development 
• NASA center 

& DoD 
engagement 

• Employer-
sponsored 
cohort pipeline 

• University 
adoption 
agreements 

Student 
Outputs 
• SET minor 

or grad 
certificate 
holders 

• Verified 
DBLO 
project 
experience 

• NASA 
CSLI-
eligible 
mission 
concepts 

Curriculum 
Outputs 
• Transferabl

e undergrad 
SET 
package 
(open) 

• Proprietary 
condensed 
delivery 
protocols 

• Proprietary 
grad block 
protocols 
(Phase 2) 

Partnership 
Outputs 
• University 

adoption 
agreements 

• Employer-
sponsored 
cohort 
MOUs 

• NASA/Do
D 
workforce 
MOUs 

Evaluation 
Outputs 
• Annual 

program 
statistics 
report 

• Graduate 
placement 
tracking 

• Longitudina
l outcomes 
data 

For Students 
• MBSE 

competency 
& systems-
level design 
experience 

• Non-
engineers 
qualified for 
aerospace 
pipeline 

• Verified 
DBLO 
credential 

For Institutions 
• SET 

programs 
established 
at 
universities 
without 
prior 
aerospace 
pathway 

• First 
employer-
sponsored 
grad cohort 
delivered 

For Workforce 
Pipeline 
• Measurable 

increase in 
SET-
credentialed 
graduates 
entering 
aerospace 
annually 

Program Scale 
• SET 

distributed 
across 
comprehensi
ve US 
universities 

• Self-
sustaining 
economics 
at adopting 
institutions 
(no grant 
dependency) 

Credential 
Recognition 
• SET 

credential 
recognized 
by aerospace 
employers 
as hiring 
signal 

• MS degree 
pathway 
initiated at 
1+ 
institutions 

Delivery 
Network 
• Condensed 

& grad 
block 
delivery 
network 
operational 

• Licensed 
partner 
agreements 
in place 

National Workforce 
Impact 
• Measurable increase 

in US space systems 
workforce 
attributable to SET 
network 

• Demonstrated US 
competitive 
advantage in 
systems-literate 
graduate supply 

Credential Standing 
• SET recognized in 

US National 
Qualifications 
Framework 

• International 
recognition pathway 
for 
INCOSE/Washingto
n Accord alignment 

Sustainability 
• Program financially 

independent of 
federal grant 
funding 

• Proprietary delivery 
IP generating 
licensing revenue 

Notes: (1) Undergraduate outcomes are grounded in 13 semesters of validated EPET program experience at UHM (~439 student-enrollments). 
(2) Graduate outcomes (medium- and long-term) will be refined in Phase 2 as the proprietary graduate curriculum design is completed (see 
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Section 3.4). (3) 'Phase 2' throughout this section refers to the curriculum development and proprietary delivery protocol work following 
completion of this white paper, governed by the IP and licensing framework described in Section 4.2. 
Inputs 
Human resources include program faculty and subject area specialists, MBSE and systems engineering 
practitioners as guest instructors, a program chair with curriculum management responsibility, and an 
independent program evaluator. Financial resources encompass institutional or grant funding for 
establishment in Year 1, with tuition revenue or employer sponsorship sustaining operations thereafter. 
Intellectual resources include the validated SET curriculum and delivery experience, the MBSE toolchain, 
the life-cycle reviews, and — for condensed and graduate delivery — proprietary delivery protocols. 
Infrastructure encompasses laboratory facilities, MBSE software licenses, mission development resources, 
simulation tools and environment, and partner relationships with NASA centers, CSLI, and aerospace 
industry. 
Activities 
The core activity is delivery of the four-course lecture/laboratory sequence in regular, condensed, or block 
format. This is supported by KDP-gated design reviews, MBSE-governed project documentation, cohort 
formation with intentional multidisciplinary team composition, and student support through HSGC and 
REU pathways. Annual curriculum review against NASA strategic priorities and life-cycle review 
calibration ensure the program remains current. Partnership development with NASA centers, DoD space 
program offices, and industry creates the employer-sponsored cohort pipeline and capstone project 
alignment essential to the graduate program. 
Outputs 
Direct outputs include graduates holding SET minor credentials or graduate certificates with verified DBLO 
project experience; an open transferable undergraduate SET curriculum package for adoption by 
universities; proprietary condensed and graduate block mode delivery protocols, which will be 
accomplished in Phase 2 of this award; formal adoption agreements with universities; employer-sponsored 
cohort MOUs; and annual program statistics and graduate placement reports. 
Outcomes 
Short-term outcomes (1–3 years) include student acquisition of MBSE competency and systems-level 
design experience, qualification of non-engineering majors for aerospace pipeline entry, and establishment 
of SET programs at universities previously without aerospace pathways. Medium-term outcomes (3–7 
years) include national distribution of SET programs, self-sustaining program economics, employer 
recognition of the SET credential, and initiation of the MS degree pathway. Long-term outcomes (7+ years) 
include a measurable increase in the US space systems workforce attributable to the SET network, 
demonstrated US competitive advantage in systems-literate graduate supply, and program sustainability 
independent of federal grant funding. 

4.2 Cost Economics of SET Delivery Modes 
The cost structure of a SET program varies substantially across delivery modes, reflecting differences in 
scheduling architecture, faculty engagement intensity, facility requirements, and administrative overhead. 
Three primary delivery modes are addressed: regular semester delivery at universities without existing 
aerospace programs, condensed undergraduate summer school delivery, and graduate block mode delivery. 
Each mode has a distinct cost profile, revenue model, and breakeven condition. 
The unit of economic comparison used throughout this section is the cost per student-credit-hour (SCH), 
which normalizes cost across institutions of different sizes. One SCH represents one student enrolled in one 
credit hour of instruction. A student completing the four-course, 16-credit SET minor generates 16 SCH; a 
cohort of twelve students generates 192 SCH over four semesters. 
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Regular Semester Delivery — University Adoption Model 
For a university without an existing aerospace program, the marginal cost of establishing a SET minor is 
primarily a faculty cost. Based on the EPET program experience at UHM, a fully loaded cost per SCH of 
$800–$1,100 is realistic at a mid-tier research university. At a minimum viable cohort of 10–12 students 
per course, the program reaches financial sustainability within two to three semesters. The first-year 
establishment cost — primarily course development, MBSE toolchain licensing, and laboratory setup — is 
estimated at $150,000–$250,000.  

Condensed Undergraduate Summer School Delivery 
The summer school model compresses one or two semesters of the undergraduate SET curriculum into a 
four- to eight-week intensive program, with a cost per SCH of $1,200–$1,800. The revenue model is more 
favorable for summer school programs that command premium pricing and attract participants from 
multiple institutions simultaneously. A cohort of 20–24 participants generate revenue covering direct and 
indirect costs with a surplus for curriculum maintenance. The scheduling architecture, pacing, and 
assessment sequencing for this delivery mode are structurally and pedagogically distinct from regular 
semester delivery and constitute proprietary implementation materials available to licensed delivery 
partners under formal agreement (see Section 4.2). 

Graduate Block Mode Delivery — Employer-Sponsored Model 
The graduate block mode program is self-sustaining from its first cohort at a minimum of 10 participants. 
Employer-sponsored rates of $8,000–$12,000 per participant are comparable to professional development 
programs at peer institutions and substantially below the cost of equivalent contractor training, yielding a 
positive margin of approximately 15–20% of gross revenue. Detailed delivery economics are maintained 
as proprietary implementation documentation. The curriculum development investment required to launch 
the graduate program is identified as a Phase 2 deliverable — see Section 3.4 for the governance model and 
Section 4.2 for the IP licensing framework that makes this investment recoverable. 
Table 4.2 summarizes indicative cost and revenue parameters across the three delivery modes. Where the 
table references Phase 2 development (a post development of this award), this refers to the graduate 
curriculum and delivery protocol design work described in Section 3.4, which is governed by the proprietary 
implementation and licensing model described in Section 4.2. 
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Table 4.2 — SET Delivery Mode Cost Summary 

Delivery 
Mode 

Duration Cohort 
Size 

Cost/SCH Revenue 
Model 

First-Year 
Establishment 

Regular Semester 
(University 
Adoption) 

4 semesters 10–12 
per course 

$800–$1,100 Tuition revenue; 
breakeven at min. 
cohort in 2–3 
semesters 

$150,000–$250,000 
(course development, 
MBSE licensing, 
lab setup) 

Condensed 
Undergraduate 
(Summer School) 

4–8 weeks 20–24 $1,200–
$1,800 

Premium pricing; 
covers direct + 
indirect costs 
+ surplus 

Included in regular 
curriculum 
development; 
delivery protocols 
are proprietary (see 
§4.2) 

Graduate Block 
Mode 
(Employer-
Sponsored) 

4 months 10–16 Comparable 
to 
summer 
school 
(employer 
contribution 
offsets 
overhead) 

$8,000–$12,000 
per participant; 
self-sustaining 
from cohort 1; 
~15–20% margin 

Phase 2 curriculum 
development 
investment 
(proprietary 
protocols; 
see Section 3.4 and 
§4.2 
for governance 
model) 

Note: SCH = student-credit-hour. Cost figures are indicative based on UHM EPET program experience and the ASCEND cost analysis 
(Englert, Nunes, Edmonson, 2023). Actual figures will vary by institution, geographic location, and delivery format. 

5.0 Conclusion 
The space systems workforce challenge facing the United States is structural, not marginal. The gap 
between the complexity of present and future space systems — systems that are inherently cyber-physical, 
inherently multi-disciplinary, and inherently dependent on model-based systems engineering methodology 
— and the workforce being produced by traditional aerospace engineering education is widening. 
Addressing this gap at scale requires an approach that can be implemented rapidly across a large number of 
comprehensive research universities without requiring the creation of new aerospace engineering 
departments or the expansion of the roughly twelve percent of US engineering schools that currently offer 
bona fide aerospace programs. 
 
This white paper has presented a proven, tested model for doing exactly that. This Space System Science, 
Engineering, and Technology (SET) curriculum is not a theoretical proposal. It is a direct evolution of the 
Earth and Planetary Exploration Technology (EPET) program at the University of Hawaiʻi at Mānoa, which 
has operated continuously since Spring 2020, generated 439 student-enrollments across thirteen semesters, 
produced 54 program completions, earned two NASA CubeSat Launch Initiative selections, and 
demonstrated that a structured, PJBL, transdisciplinary space curriculum can engage students from more 
than twenty-one distinct majors — including mechanical and electrical engineering, astrophysics, earth 
sciences, computer science, biology, political science, and business — in authentic space systems design, 
build, launch, and operate experience. 
 
The SET curriculum advances the EPET foundation in three essential ways. First, it introduces a dual-track 
design review architecture that restores the pedagogical integrity of the two-design-step model: a payload 
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and instrument design thread (culminating in a formal Payload Critical Design Review at the end of SET 
301 that serves as the build authorization gate for SET 400) running in parallel with a spacecraft and mission 
design thread (SRR and PDR in SET 400, CDR and TRR and FRR in SET 401). This architecture enforces 
the DBLO-per-cohort constraint not as a scheduling accommodation but as a design requirement: no team 
can begin building a payload without a CDR, and no spacecraft can be launched without a Test Readiness 
Review (TRR) and Flight Readiness Review (FRR). Second, the SET curriculum deliberately addresses the 
most consequential structural lesson from six years of EPET operation: the skill gap that results from 
Mechanical Engineering-dominated teams. The SET program design requirement for genuinely 
multidisciplinary cohorts — specifically including ECE and CS students from the outset — directly resolves 
the project timeline failures that have historically prevented some cohorts from completing the full DBLO 
cycle. Third, the business model established for SET creates a pathway to financial sustainability that does 
not depend on continued federal grant funding: an open, transferable undergraduate curriculum available 
for adoption by universities at low establishment cost; proprietary condensed and graduate delivery 
protocols available to licensed partners; and an employer-sponsored graduate block mode program that is 
self-sustaining from its first cohort. EPET follows many High Impact Practices for career alignment, such 
as aligning career outcomes, career competencies, and learning outcomes with experiential learning as well 
as supporting relationship development with guest speaker opportunities [9]. 
 
The international competitive context makes the urgency of this work clear. Seven of the top ten aerospace 
engineering programs globally are now located in the People's Republic of China. The PRC and European 
frameworks both concentrate aerospace and engineering education in dedicated technical universities in 
ways that the distributed, comprehensive-university structure of US higher education cannot easily 
replicate. But that same distributed structure — the large number of US research universities with diverse 
STEM departments across every state — is a strategic asset that neither competitor can match. SET is 
designed to activate that asset: to enable rapid, distributed implementation of space literacy credentials at 
comprehensive universities that have never offered aerospace programs, producing space-literate graduates 
from science, engineering, and business disciplines who are ready to contribute to the design and 
management of complex space systems from the first day of employment. 
 
The curriculum architecture, delivery modes, business model, and logic model presented in this white paper 
provide a complete implementation framework for institutions ready to establish SET programs. The open 
undergraduate curriculum package is available for adoption. The proprietary graduate and condensed 
delivery protocols are available to licensed partners. The detailed course schedules, life-cycle review 
grading rubrics, and MBSE toolchain specifications are provided in the appendices. The six-year evidence 
base from the UHM EPET program provides the enrollment projections, cost estimates, and student 
outcome data needed to support institutional investment decisions. 
The space workforce gap will not be closed by expanding the existing twelve percent of US engineering 
schools that offer aerospace programs. It will be closed by making space systems literacy accessible — 
through the SET model — at the comprehensive research universities that educate the other eighty-eight 
percent of US engineering graduates, and at the science, business, and social science programs whose 
graduates increasingly work in the space industry whether or not their degrees acknowledge it. The SET 
curriculum is the mechanism for doing this at scale, at speed, and with a sustainable economic model. The 
work of the MPLAN HeroX Prize has produced the curriculum architecture, the delivery framework, and 
the evidence base. The next step is implementation. 
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APPENDIX A 
 

ABET ACCREDITED INSTITUTIONS OFFERING AEROSPACE ENGINEERING DEGREES IN 
THE US 

The Accreditation Board for Engineering and Technology (ABET) accredits almost all of the institutions 
offering aerospace (or aeronautical) engineering degrees in the United States. 

• Air Force Institute of Technology (ABET) 

• Arizona State University (ABET) 

• Auburn University (ABET) 

• Boston University (ABET) 

https://en.wikipedia.org/wiki/Accreditation_Board_for_Engineering_and_Technology
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• California Institute of Technology 

• California Polytechnic State University, San Luis Obispo (ABET) 

• California State Polytechnic University, Pomona (ABET) 

• California State University, Long Beach (ABET) 

• Case Western Reserve University (ABET)  

• Capitol Technology University (ABET)  

• Clarkson University (ABET) 

• Cornell University (ABET) 

• Embry–Riddle Aeronautical University 

o Daytona Beach campus (ABET) 

o Prescott campus (ABET) 

o Worldwide campus (ABET) 

• Florida Institute of Technology (ABET) 

• Georgia Institute of Technology (ABET) 

• Illinois Institute of Technology (ABET) 

• Iowa State University (ABET) 

• LeTourneau University (ABET) 

• Massachusetts Institute of Technology (ABET) 

• Mississippi State University (ABET)  

• Missouri University of Science and Technology (ABET) 

• Montana State University (only minor's degree program is offered) (ABET) 

• Naval Postgraduate School (ABET) 

• New Mexico State University (ABET) 

• North Carolina State University (ABET) 

• Ohio State University (ABET) 

• Oklahoma State University (ABET) 

• Pennsylvania State University (ABET) 

• Polytechnic Institute of New York University (ABET) 

• Princeton University (ABET)  
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• Purdue University (ABET) 

• Rensselaer Polytechnic Institute (ABET) 

• Rutgers University (ABET) 

• Saint Louis University (ABET) 

• San Diego State University (ABET) 

• San Jose State University (ABET) 

• Southern New Hampshire University (ABET) 

• Stanford University 

• Syracuse University (ABET) 

• Texas A&M University (ABET)  

• Tuskegee University (ABET) 

• United States Air Force Academy (ABET) 

• United States Naval Academy (ABET) 

• University at Buffalo, The State University of New York (ABET) 

• University of Alabama in Huntsville (ABET) 

• University of Alabama (ABET) 

• University of Alaska Fairbanks (a minor degree program and a master's certificate are offered) 

• University of Arizona (ABET) 

• University of California, Davis (ABET) 

• University of California, Irvine (ABET) 

• University of California, Los Angeles (ABET) 

• University of California, San Diego (ABET) 

• University of Central Florida (ABET) 

• University of Cincinnati (ABET) 

• University of Colorado at Boulder (ABET) 

• University of Florida (ABET) 

• University of Illinois at Urbana–Champaign (ABET) 

• University of Kansas (ABET) 

• University of Maryland, College Park (ABET) 
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• University of Miami (ABET) 

• University of Michigan (ABET) 

• University of Minnesota (ABET) 

• University of Missouri (ABET) 

• University of Nevada, Las Vegas (only master's degree program is offered) (ABET) 

• University of Notre Dame (ABET) 

• University of Oklahoma (ABET) 

• University of Southern California (ABET) 

• University of South Carolina 

• University of Tennessee at Knoxville (ABET) 

• University of Tennessee Space Institute 

• University of Texas at Arlington (ABET) 

• University of Texas at Austin (ABET) 

• University of Virginia (ABET) 

• University of Washington (ABET) 

• Utah State University (ABET) 

• Virginia Polytechnic Institute and State University (ABET) 

• Washington University in St. Louis 

• West Virginia University (ABET) 

• Western Michigan University (ABET) 

• Wichita State University (ABET) 

• Worcester Polytechnic Institute (ABET) 

 

 

APPENDIX B 
 
Appendix B provides the full module lists for the SET undergraduate sequence. Section B.1 gives the 
single-track sequence and Section B.2 the dual-track module schedules. Program statistics are presented 
in Section 2.3 (Tables 2.2 and 2.3); the life-cycle review grading rubrics are identified as a Phase 2 
deliverable. 
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B.1 — SET Course Module Lists (Single-Track Sequence) 
This appendix provides the complete module-by-module content for the four-course SET undergraduate 
sequence in its single-track configuration, in which one cohort progresses through SET 201, 301, 400, and 
401 across four consecutive semesters. Each course comprises sixteen modules delivered in two sessions 
per week (2 × 2.5 hours), and each module is specified across five dimensions — Lecture, Lab, MBSE 
progression, Project, and Writing — together with the Key Decision Point (KDP) review gates that govern 
progression. The level of detail is intentional: it is intended to give an adopting institution a practitioner-
level view of what must be attended to when establishing a comparable program, including the 
OA/SA/LA/PA toolchain progression and the placement of each formal review gate. 
The KDP gates appear in the sequence described in Section 3: Mission Readiness Review (MRR) and 
Payload System Requirements Review (Payload SRR) in SET 201; Payload Preliminary Design Review 
(Payload PDR) and Payload Critical Design Review (Payload CDR) in SET 301, where the Payload CDR 
serves as the formal build-authorization gate that closes SET 301; Spacecraft System Requirements Review 
(S/C SRR) and Spacecraft Preliminary Design Review (S/C PDR) in SET 400; and Spacecraft Critical 
Design Review (S/C CDR), Test Readiness Review (TRR), and Flight Readiness Review (FRR) in SET 
401. The dual-track variant described in Section 3.2 and Figure 4 reorganizes these same modules across 
two staggered cohorts but does not change the module content or the gate sequence. 

SET 201 — Introduction to Space Systems 
16 Modules × 2 Sessions per module (2×2.5 hours) | Spring semester | Gateway course for all SET tracks 
Outcome: Mission concept defined; Payload SRR completed; OA/SA/LA package delivered to SET 301. 
 

Module 1 — Course Introduction; Space Exploration Overview; Mission Types 
Lecture: Space exploration history; mission types (robotic, human, commercial, dual-use); ISA research 
thrust introduction; SET program pathway overview 
Lab: Team formation; MBSE/introduction — Operational Analysis (OA) setup; SCRUM roles and sprint 
structure 
MBSE: Begin OA — operational capabilities defined 
Project: Mission concept brainstorm — candidate science questions from NASA Decadal Survey 

 

Module 2 — Space Mission Architecture; Science Traceability Matrix; NASA Life Cycle 
Lecture: Mission architecture elements; Science Traceability Matrix (STM) methodology; NASA life-cycle 
overview (Pre-Phase A); KDP framework for course sequence 
Lab: STM development workshop; mission concept sketches in OA 
MBSE: OA — operational capabilities; mission context defined 
Project: Draft STM: science question → measurement → instrument concept 
Writing: STM draft — in-class exercise 

 

Module 3 — Space Environments: Orbital Mechanics, Radiation, Thermal, Vacuum 
Lecture: Orbital mechanics fundamentals; launch vehicles and trajectories; space radiation environment; 
thermal and vacuum environments; environmental design requirements 
Lab: Orbit simulation exercise; launch vehicle trade study; environment constraint mapping to payload 
concept 
MBSE: OA — mission context: environment constraints added 
Project: Environmental constraints on payload concept — design-driving environments identified 
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Module 4 — Systems Engineering and MBSE Fundamentals; V-Model; CPS Architecture 
Lecture: Systems engineering principles; V-model and life-cycle phases; Model-Based Systems 
Engineering (MBSE); Cyber-Physical System (CPS) architecture; KDP definitions for the SET course 
sequence 
Lab: SA (System Analysis) introduction; KDP gate definitions; system context model 
MBSE: Begin SA — system functions and system context 
Project: Payload system context: operational scenarios in OA 

 

Module 5 — Earth Remote Sensing Modalities; Payload Concept Trade Study 
Lecture: Remote sensing overview — optical, thermal infrared, microwave, radar; imaging vs. point-
sensing; spatial and spectral resolution; orbit-sensor interactions 
Lab: Remote sensing data analysis exercise; payload concept trade study — narrow to instrument type 
MBSE: SA — system functions defined; stakeholder requirements begin 
Project: Payload concept selection — candidate instrument types identified 
Writing: Project Concept Paper (6 pages, 2 pages/student) — first graded deliverable 

 

Module 6 — Lunar and Planetary Surface Science; NASA Priority Science Targets 
Lecture: Geochemistry and mineralogy of planetary surfaces; remote sensing of planetary targets; NASA 
Decadal Survey priority science questions; instrument heritage review 
Lab: NASA Decadal Survey priority analysis; science question selection finalized; STM version 2 — 
measurement requirements derived 
MBSE: SA — stakeholder requirements captured; system requirements begin 
Project: Science question finalized; STM v2 complete — measurement requirements traceable to science 
question 

 

Module 7 — Spectroscopy Fundamentals; Optical and Infrared Detection Principles 
Lecture: Electromagnetic spectrum; absorption and emission spectroscopy; reflectance spectroscopy; 
optical and IR detection fundamentals; photon-detector interaction 
Lab: Optical bench experiment — spectrum acquisition and analysis; detector response characterization 
introduction 
MBSE: SA — system requirements draft 
Project: Instrument measurement requirements: wavelength range, spectral resolution, SNR requirement 
from STM 

 

Module 8 — Radiation Detection for Space; Particle and Gamma-Ray Instruments 
Lecture: Ionizing radiation physics; detector types (GM, scintillator, semiconductor); particle telescopes; 
gamma-ray spectrometers; neutron detectors; space applications 
Lab: Radiation detector lab — GM counter and scintillator characterization; energy spectrum acquisition; 
instrument concept evaluation 
MBSE: SA — system requirements draft complete 
Project: Payload requirements draft: instrument type selected; measurement concept validated against 
STM 

 

Module 9 — Mission Readiness Review Structure; MRR Preparation 
⬛ KDP: MRR — Mission Readiness Review 
Lecture: MRR format and criteria; NASA review board process; what constitutes a complete mission 
concept; review presentation skills 
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Lab: MRR dry run — team presentations; peer review; instructor feedback; revision plan 
MBSE: SA complete — system requirements baselined at MRR 
Project: Payload requirements review — internal gate before MRR; STM-to-requirements traceability 
confirmed 
Writing: MRR paper and presentation — graded deliverable 

 

Module 10 — Spacecraft Bus Overview; Payload-Bus Interface Requirements 
Lecture: Spacecraft bus subsystems overview — power, C&DH, ADCS, thermal, comms, structure; 
payload-bus interface concepts; ICD introduction 
Lab: Bus trade study; payload-bus interface requirements development; SA payload-bus interface 
MBSE: Begin SA → LA transition; payload logical architecture blocks begin 
Project: Payload-bus interface requirements defined: electrical, mechanical, thermal, data 

 

Module 11 — Payload Design Requirements; Mass, Power, Data, Volume Budgets 
Lecture: Payload requirements derivation — size, mass, power, data rate, volume; instrument heritage 
survey methodology; requirements matrix structure 
Lab: Payload requirements matrix development; heritage instrument survey; LA — payload logical 
architecture block 
MBSE: LA — payload logical architecture begin 
Project: Payload requirements matrix complete: mass/power/data/volume budgets with margins 

 

Module 12 — Payload SRR — Format, Criteria, Process 
⬛ KDP: Payload SRR — Payload System Requirements Review 
Lecture: Payload SRR format and criteria; NASA SRR standards; system requirements review process; 
what constitutes complete and traceable payload requirements 
Lab: Payload SRR preparation session — STM, requirements matrix, SA completeness review 
MBSE: SA baselined at Payload SRR — requirements frozen 
Project: Payload SRR preparation: all payload requirements traceable to STM; requirements matrix 
reviewed 
Writing: Payload SRR paper draft 

 

Module 13 — Ethics in Space Engineering; Writing Focus (WI) 
Lecture: Space debris and end-of-life; dual-use technology; planetary protection; research ethics; 
responsible engineering; Writing Focus: scientific and engineering paper structure 
Lab: Ethics case study; Payload SRR paper revision workshop; writing feedback session 
MBSE: LA — payload logical blocks refined 
Project: Payload SRR paper finalized; ethics section integrated 
Writing: Payload SRR paper and oral presentation — graded deliverable 

 

Module 14 — Mission Feasibility and Cost Estimation; SET Program Business Model 
Lecture: Feasibility assessment methodology; parametric cost estimation; COTS component strategy; 
TRL assessment; SET program business model overview (connection to Section 4 of white paper) 
Lab: Feasibility assessment exercise; cost estimation; COTS component survey for payload; TRL 
mapping 
MBSE: LA — logical architecture complete 
Project: COTS component survey for payload: candidate components identified with TRL levels 

 



 35 

Module 15 — Semester Review; Pathway to SET 301 Design Phase 
Lecture: SET 201 synthesis; what the Design Phase requires from 301; dual-track architecture overview 
— payload thread vs. spacecraft thread; KDP gate review 
Lab: Team project summary; 301 pathway brief; package review; handoff documentation 
MBSE: OA + SA + LA archived and annotated for 301 handoff 
Project: Payload SRR outputs packaged for 301 Design Phase; handoff checklist 
Writing: Project Summary paper — graded deliverable 

 

Module 16 — Final Presentations — Mission Concept and Payload Requirements 
⬛ KDP: Payload SRR — Final Gate to SET 301 
Lecture: Review of all team presentations; peer evaluation structure; SET 301 expectations 
Lab: Oral presentations — mission concept and payload SRR summary; peer evaluation; course debrief 
MBSE: OA + SA + LA package delivered to 301 team 
Project: Payload SRR final: officially gates entry to 301 Payload PDR. All requirements frozen. package 
transferred. 
Writing: Final oral presentation — graded deliverable 

 
 
 

SET 301 — Design of Space Systems 
16 Modules × 2 Sessions per module | Fall semester | Prerequisite: SET 201 with Payload SRR complete 
Outcome: Payload CDR completed (build authorization issued); LA/PA package and payload parts list 
delivered to SET 400. 
Design Phase note: SET 301 runs two sub-threads. The Payload Design Thread progresses from Payload 
PDR (Module 9–10) to Payload CDR (Module 11–12), which is the build authorization gate for SET 400. 
A Spacecraft Design preview begins at Module 13 to prepare the S/C SRR inputs for SET 400. 
 

Module 1 — 301 Course Overview; Review of 201 Payload SRR; Design Phase Objectives 
Lecture: Design Phase objectives; review of 201 Payload SRR outputs; LA structure; SCRUM sprint re-
launch; dual-track KDP architecture overview 
Lab: Review 201 package; team reassignment; Payload SRR gap analysis; Design Phase sprint planning 
MBSE: LA — import 201 package; establish Physical Architecture (PA) baseline 
Project: Payload SRR review: confirm all requirements are complete, traceable to STM, and frozen 

 

Module 2 — Remote Sensing and Imaging Systems; Optical Design 
Lecture: Optical system design — aperture, focal length, FOV, resolution; diffraction and aberrations; 
telescope types; imaging system trade space 
Lab: Optical design exercise; aperture/resolution trade study; payload concept refinement; LA optical 
block 
MBSE: LA — optical subsystem block begin 
Project: Optical subsystem requirements: aperture, focal length, FOV, detector interface 

 

Module 3 — Optical Detector Physics; CCDs, CMOS, Focal Plane Arrays 
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Lecture: Photodetector physics — photoemission, photoconduction, photovoltaic; CCD and CMOS 
readout architectures; focal plane array (FPA) types; detector selection criteria; quantum efficiency, dark 
current, readout noise 
Lab: Detector characterization lab — SNR calculation exercise; COTS detector survey; detector selection 
matrix 
MBSE: LA — detector subsystem block defined 
Project: Detector selection: SNR, dark current, readout noise trade; electrical interface to optical 
subsystem 

 

Module 4 — Spectroscopy for Planetary Science; Instrument Type Selection 
Lecture: Reflectance, emission, and absorption spectroscopy for planetary targets; instrument types — 
grating spectrometer, AOTF, Fabry-Pérot, filter wheel; spectral resolution and wavelength range trade 
Lab: Spectroscopy lab — spectrum acquisition and analysis from mineral samples; instrument concept 
trade study 
MBSE: LA — spectral subsystem block 
Project: Spectral subsystem design: instrument type selected, wavelength range and spectral resolution 
specified 
Writing: Payload PDR paper — Section 1: Science overview and STM (draft) 

 

Module 5 — Radiation Detection for Space Science; Detector Design 
Lecture: Particle telescope design; neutron detector design; gamma-ray spectrometer design; shielding; 
energy resolution; detector integration in payload 
Lab: Radiation lab — detector calibration exercise; energy spectrum analysis; payload concept integration 
if radiation instrument selected 
MBSE: LA — radiation subsystem block (if applicable to team project) 
Project: Radiation subsystem design (if applicable): detector type, shielding, energy range, integration 
concept 

 

Module 6 — Instrument Performance and Error Analysis; Calibration 
Lecture: Instrument performance modeling — SNR analysis, instrument function, calibration 
methodology; measurement uncertainty and error propagation; calibration plan structure 
Lab: Error analysis workshop; calibration procedure draft; instrument performance model development 
MBSE: LA — instrument performance model linked to physical blocks 
Project: Instrument performance model complete: predicted SNR vs. science target; calibration plan draft 
Writing: Payload PDR paper — Section 2: Instrument design overview (draft) 

 

Module 7 — Payload Thermal Design; Thermal Management Materials 
Lecture: Spacecraft and payload thermal environment; orbital thermal cycling; thermal control 
approaches — passive (MLI, optical coatings) and active (heaters, thermostats); thermal interface design 
Lab: Thermal design exercise for payload; thermal model of payload in LA; heater/cooler sizing 
MBSE: LA — thermal subsystem block 
Project: Payload thermal design: operating temperature range, heaters/coolers, thermal interface to bus 

 

Module 8 — Payload Electronics; Data Acquisition, Power Budget, FPGA/Microcontroller 
Lecture: Data acquisition chain — sensor, amplifier, ADC, FPGA/microcontroller, memory; digitization 
and sampling; power budget methodology; electronics design for space (radiation tolerance, ESD) 
Lab: Electronics design exercise; power budget workshop; DAQ chain block in LA; COTS electronics 
survey 
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MBSE: LA — electronics subsystem block complete 
Project: Electronics subsystem design: DAQ chain, power budget, interface requirements 
Writing: Payload PDR paper — Section 3: Electronics and data system (draft) 

 

Module 9 — Payload PDR — Format, Criteria, Review Board Process 
⬛ KDP: Payload PDR — Payload Preliminary Design Review (Dry Run) 
Lecture: Payload PDR format and criteria; review board process; what constitutes a complete preliminary 
design; PDR paper and presentation requirements 
Lab: Payload PDR dry run — internal review; faculty feedback; revision plan; design disposition log 
MBSE: LA draft complete — all payload subsystem blocks defined 
Project: Payload PDR preparation: all subsystem designs integrated into PDR paper; design 
completeness checklist 
Writing: Payload PDR paper (18 pages, 6 pages/student) — DRAFT submitted 

 

Module 10 — Structural Design; Mechanical Loads, Vibration, Materials 
⬛ KDP: Payload PDR — Final Submission and Presentation 
Lecture: Mechanical loads in launch and orbit; vibration and shock environment; structural design for 
space; materials selection; payload structural interface and mounting 
Lab: Structural design exercise; payload mounting concept in LA; mass budget and CG calculation 
MBSE: LA — structural block defined 
Project: Structural design: mounting concept, mass budget, CG, launch load compliance 
Writing: Payload PDR paper FINAL submission and oral presentation — graded deliverable 

 

Module 11 — Payload CDR — Purpose, Criteria, Build Authorization Gate 
⬛ KDP: Payload CDR — Payload Critical Design Review (Preparation) 
Lecture: Payload CDR format and criteria; distinction between PDR and CDR; build authorization 
concept; design completeness and build-readiness standards; parts list requirements 
Lab: Payload CDR preparation workshop — design completeness checklist; build readiness assessment; 
parts list draft; PA completion 
MBSE: LA baselined; Physical Architecture (PA) complete — all subsystem blocks at build-ready level 
Project: Payload CDR preparation: all subsystem designs confirmed build-ready; parts list finalized; 
vendor quotes obtained 
Writing: Payload CDR paper draft 

 

Module 12 — Payload CDR Presentations — Formal Review Board 
⬛ KDP: Payload CDR — Build Authorization Issued 
Lecture: Formal review board process — panel roles, Q&A, design dispositions, action items; post-CDR 
build authorization 
Lab: Payload CDR oral presentations — faculty and guest panel; panel Q&A; design dispositions 
recorded; build authorization issued 
MBSE: PA baselined at CDR — build authorization documented in the model 
Project: ⬛ PAYLOAD CDR: All subsystem designs approved. Parts list final. Build authorized. Payload 
build begins in SET 400. 
Writing: Payload CDR paper and oral presentation — graded deliverable 

 

Module 13 — Mission Design Overview; Spacecraft-Level Architecture; S/C SRR Preview 
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Lecture: Spacecraft system architecture overview; bus-payload integration concept; spacecraft system 
requirements derivation from payload CDR outputs; preview of SET 400 S/C SRR 
Lab: Mission architecture workshop; spacecraft top-level requirements derived from payload CDR; SA for 
spacecraft system requirements 
MBSE: Begin SA for spacecraft system — system requirements from payload CDR outputs 
Project: Payload CDR outputs → spacecraft interface requirements. Spacecraft-payload ICD draft. Input 
to SET 400 S/C SRR. 

 

Module 14 — Ethics: Responsible Engineering, Design Accountability; Writing Focus (WI) 
Lecture: Ethics in engineering design — heritage vs. innovation; design accountability; failure analysis; 
responsible reporting; Writing Focus: technical paper review and revision 
Lab: Ethics case study; Project Summary paper workshop; SA spacecraft requirements review 
MBSE: SA — spacecraft system requirements draft 
Project: Spacecraft-payload interface document (ICD) draft — primary input to SET 400 S/C SRR 
Writing: Project Summary paper draft 

 

Module 15 — 301 Semester Review; SET 400 Build Phase Preview; S/C SRR Requirements 
Lecture: 301 synthesis; SET 400 Build Phase objectives; what S/C SRR requires from 301; handoff 
documentation requirements; dual-track architecture review 
Lab: model package review and annotation; handoff documentation; SET 400 team briefing preparation 
MBSE: LA + PA archived and annotated for 400 handoff 
Project: Payload CDR package archived: drawings, parts list, performance model, PA 
Writing: Project Summary paper FINAL — graded deliverable 

 

Module 16 — Final Presentations — Payload CDR Summary and Mission Architecture Handoff 
⬛ KDP: Payload CDR Package — Official Close of SET 301 
Lecture: Team presentations — payload CDR summary and mission architecture handoff; peer 
evaluation; SET 400 kickoff 
Lab: Oral presentations; formal handoff to 400 build team; package transfer; course debrief 
MBSE: Full 301 package (OA + SA + LA + PA) delivered to 400 team 
Project: SET 301 formally closes. Payload CDR complete. Build authorized. All documentation archived 
and transferred to SET 400. 
Writing: Final oral presentation — graded deliverable 

 
 
 

SET 400 — Build of Space Systems 
16 Modules × 2 Sessions per module | Spring semester | Prerequisite: SET 301 with Payload CDR 
complete 
Outcome: Payload built and integrated into spacecraft; S/C PDR completed; spacecraft delivered to SET 
401 for CDR. 
Build Phase note: SET 400 runs two parallel tracks. The Payload Build Thread executes the 301 Payload 
CDR build plan (parts procurement → electronics build → structural assembly → acceptance test). The 
S/C Design Thread designs the spacecraft around the payload (S/C SRR at Module 5, anchored to 301 
Payload CDR; S/C PDR at Modules 11–12). 
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Module 1 — 400 Course Overview; Review of 301 Payload CDR Package; Build Phase Objectives 
Lecture: Build Phase objectives; review of 301 Payload CDR package; SCRUM for build — sprint velocity 
and definition of done; dual-track build structure overview 
Lab: Payload CDR package review; build team assignments; parts procurement plan; SCRUM Sprint 1 
launch 
MBSE: Import 301 PA; establish build configuration baseline in the model 
Payload Build: Payload CDR package review — confirm all drawings, parts list, and procurement plan 
complete 
S/C Design: Spacecraft system requirements review — derive from 301 payload CDR outputs; ICD 
review 

 

Module 2 — Spacecraft System Architecture; Payload-Bus Integration Interface 
Lecture: Spacecraft bus subsystem architecture review; payload-bus integration design; Interface Control 
Document (ICD) structure and content; electrical, mechanical, thermal, data interfaces 
Lab: ICD workshop — complete spacecraft-payload ICD; bus architecture trade study update; SA 
spacecraft system 
MBSE: SA — spacecraft system requirements baselined 
Payload Build: Parts procurement initiated; PCB layout begins (electronics subsystem) 
S/C Design: Spacecraft ICD finalized — all payload-bus interfaces defined 

 

Module 3 — GNC — Attitude Control, ADCS Design, Pointing Requirements 
Lecture: GNC architecture; attitude sensors (sun sensors, magnetometers, star trackers, gyros); attitude 
actuators (reaction wheels, magnetorquers, thrusters); ADCS design and sizing 
Lab: ADCS trade study; pointing requirement derivation from payload CDR; SA — ADCS subsystem 
requirements 
MBSE: SA — ADCS subsystem requirements 
Payload Build: Electronics lab — PCB fabrication begins or COTS boards procured; component 
inventory check 
S/C Design: ADCS subsystem design — torque budget; pointing accuracy requirement from payload 
CDR science requirements 

 

Module 4 — Power Subsystem — Solar Panels, Batteries, EPS Design 
Lecture: Power subsystem architecture; solar panel sizing; battery selection and sizing; power modes; 
eclipse operations; EPS design and power budget methodology 
Lab: Power budget workshop; battery sizing exercise; EPS interface in SA; payload power requirement 
verification against CDR budget 
MBSE: SA — EPS subsystem requirements 
Payload Build: Electronics lab — component soldering and testing; power interface board assembly 
S/C Design: EPS subsystem design — power budget balanced against payload CDR power requirement; 
margins verified 

 

Module 5 — S/C SRR — Format, Criteria; Anchoring to 301 Payload CDR 
⬛ KDP: S/C SRR — Spacecraft System Requirements Review 
Lecture: S/C SRR format and criteria; how the S/C SRR is anchored to the 301 Payload CDR outputs; 
review preparation; what constitutes complete spacecraft system requirements 
Lab: S/C SRR dry run — spacecraft system requirements vs. payload CDR interface requirements; gap 
analysis 
MBSE: SA baselined at S/C SRR — all spacecraft system requirements reviewed and frozen 
Payload Build: Payload electronics unit test — continuity check, power-on test, functional test 
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S/C Design: ⬛ S/C SRR: Spacecraft system requirements reviewed. Anchored to 301 Payload CDR. 
Requirements frozen. 
Writing: S/C SRR paper and oral presentation — graded deliverable 

 

Module 6 — C&DH — OBC, Flight Software, Data Bus, Memory 
Lecture: Onboard computer (OBC) selection; flight software architecture; data bus protocols (CAN, I2C, 
SPI, SpaceWire); memory sizing; data budget; command and telemetry structure 
Lab: OBC lab — software upload, data bus functional test; flight software architecture in LA (spacecraft) 
MBSE: LA (spacecraft) — C&DH subsystem block 
Payload Build: Payload-OBC interface test — data acquisition from detector to OBC; data packet 
verification 
S/C Design: C&DH subsystem design — data budget, packet structure, ground link data rate 

 

Module 7 — Communications — Link Budget, Antennas, Ground Stations 
Lecture: Link budget methodology; antenna types (monopole, patch, helix, dish); ground station network; 
modulation and coding; uplink and downlink design; contact window analysis 
Lab: Link budget exercise; ground station contact analysis (STK or equivalent); comms system in LA 
MBSE: LA (spacecraft) — comms subsystem block 
Payload Build: Payload structural assembly — mechanical mounting to bus interface plate; alignment 
verification 
S/C Design: Comms subsystem design — link budget, antenna selection, ground contact window 
analysis, data downlink capacity 

 

Module 8 — Thermal Control — Passive and Active Systems 
Lecture: Passive thermal control — MLI, surface coatings, thermal conduction paths; active thermal 
control — heaters, thermostats, heat pipes; thermal model validation; thermal vacuum testing 
Lab: Thermal control design exercise; thermal model development; thermal interface board in LA 
MBSE: LA (spacecraft) — thermal subsystem block 
Payload Build: Payload thermal interface installation — heater installation, thermistor placement, thermal 
tape application 
S/C Design: Thermal subsystem design — payload thermal requirement from CDR, bus thermal balance, 
thermal margins 

 

Module 9 — Structure and Mechanisms — Launch Loads, Vibration Isolation, Deployment 
Lecture: Launch load environment; structural design for spacecraft; vibration isolation; deployment 
mechanisms; structural design standards; mass budget and CG management 
Lab: Structural design exercise; FEA of payload mounting (simplified); structural block in LA 
MBSE: LA (spacecraft) — structural subsystem block complete 
Payload Build: Payload structural integration — all subsystems mounted; ICD conformance check; mass 
properties measurement 
S/C Design: Structural subsystem design — launch load analysis, mass budget, CG verification, launch 
vehicle interface 

 

Module 10 — Ethics in Build — QA, Safety, Workmanship Standards 
Lecture: Quality assurance in spacecraft build; workmanship standards (NASA-STD-8739); ESD 
protection; soldering standards; FOD prevention; design accountability and change control 
Lab: Ethics case study in build context; QA checklist review; ESD protection procedures; build log 
discipline 
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MBSE: LA (spacecraft) — all subsystem blocks complete; begin Physical Architecture (PA) 
Payload Build: Payload integration complete — all subsystems mounted; ICD conformance verified; 
payload acceptance test preparation 
S/C Design: Spacecraft physical architecture (PA) — all subsystems integrated in PA 

 

Module 11 — Spacecraft PDR — Integrated Spacecraft Preliminary Design Review 
⬛ KDP: S/C PDR — Spacecraft Preliminary Design Review (Preparation) 
Lecture: S/C PDR format and criteria; integrated spacecraft design review; how payload build status 
informs PDR readiness; PDR paper structure 
Lab: S/C PDR dry run — integrated spacecraft design presentation; faculty panel feedback; revision plan 
MBSE: PA draft complete — all spacecraft subsystems in physical architecture 
Payload Build: Payload acceptance test — functional test of complete payload unit; acceptance test 
report 
S/C Design: S/C PDR preparation: all spacecraft subsystem designs documented; payload acceptance 
test complete 
Writing: S/C PDR paper draft 

 

Module 12 — S/C PDR Presentations — Formal Review Board 
⬛ KDP: S/C PDR — Spacecraft Preliminary Design Review 
Lecture: Formal review board process; Q&A and design dispositions; post-PDR actions and build plan 
update 
Lab: S/C PDR oral presentations — faculty and guest panel; panel Q&A; design dispositions recorded 
MBSE: PA baselined at S/C PDR 
Payload Build: Payload delivery to spacecraft integration team — acceptance test report signed; handoff 
documented 
S/C Design: ⬛ S/C PDR: Spacecraft preliminary design reviewed and approved. All subsystems 
designed. 
Writing: S/C PDR paper and oral presentation — graded deliverable 

 

Module 13 — Integration, Verification and Validation; I&T Planning 
Lecture: Integration and Test (I&T) planning; verification vs. validation; test facility requirements; 
environmental testing — vibration, thermal vacuum, EMC; verification matrix structure 
Lab: I&T plan development; spacecraft integration sequence; verification matrix; CDR readiness checklist 
MBSE: PA — verification links added to physical blocks 
Payload Build: Payload-spacecraft integrated functional test — system level; all interfaces verified 
S/C Design: I&T plan and verification matrix — CDR readiness checklist complete 

 

Module 14 — CDR Preparation — SET 401 CDR Structure and Requirements 
Lecture: SET 401 CDR structure and requirements; what constitutes build-to-spec completeness; CDR 
readiness criteria; handoff documentation requirements 
Lab: CDR readiness review (internal); PA verification complete; handoff package preparation 
MBSE: PA complete — all blocks verified; 401 handoff package prepared 
Payload Build: Payload integration into spacecraft complete; spacecraft stowed for 401 CDR 
S/C Design: Spacecraft CDR readiness — all subsystems built, tested, and integrated; ready for 401 
CDR 

 

Module 15 — 400 Semester Review; SET 401 Preview — CDR, TRR, FRR, Launch 
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Lecture: 400 synthesis; SET 401 Launch and Operate Phase objectives; CDR → TRR → FRR sequence; 
what launch authorization requires 
Lab: package review; 401 handoff documentation; spacecraft delivery to 401 team; project summary 
MBSE: Full 400 package (SA + LA + PA) archived and delivered to 401 team 
Payload Build: Payload delivery complete — documentation archive for 401 
S/C Design: Spacecraft delivered to 401 team: ready for CDR 
Writing: Project Summary paper — graded deliverable 

 

Module 16 — Final Presentations — Spacecraft Build Summary and 401 Handoff 
Lecture: Team presentations — spacecraft build summary; 401 handoff; course debrief 
Lab: Oral presentations; formal handoff to 401 team; package transfer 
MBSE: 400 package delivered to 401 team 
Payload Build: 400 formally closes: payload built, integrated, and delivered to 401 
S/C Design: Spacecraft ready for 401 CDR — all subsystems built, tested, and integrated 
Writing: Final oral presentation — graded deliverable 

 
 
 

SET 401 — Launch and Operate Space Systems 
16 Modules × 2 Sessions per module | Fall semester | Prerequisite: SET 400 with spacecraft delivered 
Outcome: S/C CDR, TRR, and FRR completed; spacecraft launched and science data acquired. 
Launch and Operate Phase note: SET 401 completes the spacecraft design thread with formal CDR 
(Module 8), TRR (Module 11), and FRR (Module 14), followed by launch and early mission operations. 
The CDR in Module 8 builds across subsystem verification sessions in Modules 2–7 (each contributing a 
CDR paper section). 
 

Module 1 — 401 Course Overview; Review of 400 Spacecraft Package; CDR Objectives 
Lecture: Launch and Operate Phase objectives; review of 400 spacecraft package; CDR requirements 
and structure; Delta PDR decision process; SCRUM for test and launch 
Lab: 400 package review; CDR readiness gap analysis; SCRUM re-launch; Delta PDR decision — 
convene if needed 
MBSE: Import 400 PA; establish CDR baseline 
S/C Design: CDR readiness assessment — all subsystems built, tested, and integrated; gaps identified 
Writing: Delta PDR — if required (ungraded) 

 

Module 2 — GNC Operations; Flight Software; ADCS Functional Verification 
Lecture: GNC operations overview; flight software commands and telemetry; attitude determination and 
control verification; orbital position control 
Lab: Flight software upload and test; ADCS functional verification; pointing accuracy test vs. payload 
requirement from 301 CDR; PA verification — GNC block 
MBSE: PA verification — GNC subsystem block 
S/C Design: GNC verification: pointing accuracy confirmed against payload requirement from 301 CDR 
Writing: CDR paper — Section 1: GNC and ADCS 

 

Module 3 — Power System Operations; Battery Management; Power Budget Validation 



 43 

Lecture: Battery management in orbit — charge/discharge cycles, depth of discharge, eclipse operations; 
power budget validation methodology; margin verification 
Lab: EPS functional test; battery charge/discharge cycle; power budget validation vs. CDR baseline 
budget from 400 
MBSE: PA verification — EPS subsystem block 
S/C Design: EPS verification: actual power budget vs. CDR baseline; margins confirmed 
Writing: CDR paper — Section 2: EPS 

 

Module 4 — Communications Operations; Ground Contact Windows; Data Downlink 
Lecture: Ground station contact window management; uplink commanding and downlink telemetry 
operations; data downlink budget validation; communication anomaly response 
Lab: Link budget validation test; ground station contact simulation; comms functional test; PA verification 
— comms block 
MBSE: PA verification — comms subsystem block 
S/C Design: Comms verification: link margin confirmed; downlink capacity vs. payload data rate from 401 
CDR requirement 
Writing: CDR paper — Section 3: Comms and C&DH 

 

Module 5 — Payload Operations; Science Operations Plan; End-to-End Data Acquisition 
Lecture: Payload commanding and operations; science operations planning; data acquisition sequences; 
calibration operations; data quality monitoring 
Lab: Payload functional test — end-to-end data acquisition from science target; science operations 
sequence test; PA verification — payload block 
MBSE: PA verification — payload subsystem block 
S/C Design: Payload-bus integrated system test: all interfaces functional; science data flow verified 
Writing: CDR paper — Section 4: Payload and science operations 

 

Module 6 — Thermal Operations; Heater Scheduling; Thermal Vacuum Verification 
Lecture: In-orbit thermal environment; heater scheduling and thermal control operations; thermal vacuum 
(TV) test approach; thermal margin verification; anomaly response 
Lab: Thermal vacuum test or simulation; thermistor calibration; temperature range verification vs. CDR 
design margins; PA verification — thermal block 
MBSE: PA verification — thermal subsystem block 
S/C Design: Thermal verification: temperature ranges in test vs. CDR design margins confirmed 
Writing: CDR paper — Section 5: Thermal 

 

Module 7 — Structural Verification; Vibration Test; Mass Properties 
Lecture: Vibration test approach and test levels; shock test; mass properties measurement (mass, CG, 
moments of inertia); launch vehicle interface verification; structural margin confirmation 
Lab: Vibration test or random vibration simulation; mass properties measurement; structural margin 
calculation; PA verification — structural block 
MBSE: PA — all blocks verified; verification matrix complete 
S/C Design: Structural verification: mass, CG, moments of inertia confirmed vs. launch vehicle 
requirements 
Writing: CDR paper — Section 6: Structural and integration; CDR paper consolidated 

 

Module 8 — S/C CDR Presentations — Formal Review Board; Build-to-Spec Authorization 
⬛ KDP: S/C CDR — Spacecraft Critical Design Review 
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Lecture: CDR format and criteria; build-to-spec authorization concept; review board roles; design 
dispositions and action items; CDR as the definitive technical baseline 
Lab: S/C CDR oral presentations — faculty and guest panel; all CDR paper sections reviewed; panel 
Q&A; design dispositions recorded; build-to-spec authorized 
MBSE: PA fully verified and baselined at CDR 
S/C Design: ⬛ S/C CDR: Spacecraft critical design reviewed and approved. Build-to-spec authorized. All 
subsystems verified. 
Writing: CDR paper (24 pages, 8 pages/student) and oral presentation — graded deliverable 

 

Module 9 — Test Planning; TRR Objectives; Test Procedures; Acceptance Criteria 
Lecture: Test Readiness Review (TRR) objectives and criteria; test plan structure; test procedure writing; 
acceptance criteria definition; anomaly reporting process 
Lab: TRR preparation — test plan documentation; acceptance criteria matrix; test procedure review 
MBSE: test procedures linked to verification blocks 
S/C Design: TRR preparation: all test procedures written and reviewed; acceptance criteria defined 
Writing: TRR paper draft 

 

Module 10 — System-Level Testing; EMC, Functional, Environmental; Acceptance Test Execution 
Lecture: System-level functional testing; EMC compatibility testing; environmental test execution; 
acceptance test report format; anomaly disposition process 
Lab: System-level functional test; EMC check; acceptance test execution; anomaly logging and 
disposition 
MBSE: acceptance test results logged against verification blocks 
S/C Design: Acceptance test execution: results vs. TRR acceptance criteria; all anomalies dispositioned 
Writing: TRR paper updated with test results 

 

Module 11 — TRR Presentations — Test Readiness Review; Launch Readiness Gate 
⬛ KDP: TRR — Test Readiness Review 
Lecture: TRR as the launch readiness gate; TRR presentation format; launch authority and range safety 
interface; what constitutes launch readiness 
Lab: TRR oral presentations — all test results presented; anomaly dispositions reviewed; panel approval 
MBSE: verification matrix complete and signed off at TRR 
S/C Design: ⬛ TRR: Test readiness reviewed. All acceptance criteria met or dispositioned. Launch 
process initiated. 
Writing: TRR paper (12 pages, 4 pages/student) and oral presentation — graded deliverable 

 

Module 12 — Launch Vehicle Integration; Deployment Mechanism; Launch Manifest 
Lecture: Launch vehicle integration procedures; CubeSat deployer (P-POD, ISIPOD, NanoRacks) 
requirements; high-altitude balloon (HAB) integration; drone launch integration; launch manifest process 
Lab: Launch vehicle interface verification — mass, CG, envelope, connector mate/demate; deployment 
mechanism test; launch manifest review 
MBSE: launch configuration documented 
S/C Design: Launch vehicle interface: mass, CG, envelope, connector mate/demate verified 
Writing: FRR paper — Section 1: Spacecraft and launch vehicle interface 

 

Module 13 — Mission Operations — Command, Telemetry, Anomaly Response, Data Pipeline 
Lecture: Mission operations architecture; command and telemetry (C&T) systems; science data pipeline; 
anomaly detection and response; mission timeline and contact schedule 
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Lab: Mission operations simulation; ground software functional test; data pipeline end-to-end test; 
operator training 
MBSE: operations scenarios documented 
S/C Design: Operations readiness: ground software verified; operator training complete; anomaly 
response procedures tested 
Writing: FRR paper — Section 2: Mission operations 

 

Module 14 — FRR Presentations — Flight Readiness Review; Launch Authorization 
⬛ KDP: FRR — Flight Readiness Review 
Lecture: FRR format and criteria; launch authorization process; range safety requirements; flight 
readiness evidence package; launch-day procedures 
Lab: FRR oral presentations — all flight readiness evidence reviewed; panel Q&A; launch authorized 
MBSE: full mission model archived; launch configuration baselined 
S/C Design: ⬛ FRR: Flight readiness reviewed. Launch authorized. Launch-day procedures confirmed. 
Writing: FRR paper (12 pages, 4 pages/student) and oral presentation — graded deliverable 

 

Module 15 — Launch and Early Operations; Deployment; First Contact; Commissioning 
Lecture: Launch day operations; early orbit operations — deployment, initial contact, power-on sequence; 
commissioning checklist; first data acquisition; anomaly response 
Lab: Launch simulation or actual launch; first contact operations; commissioning checklist execution; 
science data acquisition begins 
MBSE: mission executed; post-launch model update 
S/C Design: Launch and commissioning: first operational contact; all subsystems nominal; science data 
acquisition confirmed 

 

Module 16 — Mission Summary; Science Results; Lessons Learned; SET Pathway Forward 
Lecture: Mission summary and science results presentation; lessons learned process; SET program 
pathway — what SET 401 graduates enter; connection to graduate SET program and workforce 
Lab: Final oral presentations — complete mission summary: science, engineering, operations; peer 
evaluation; course debrief; certificate of completion 
MBSE: Full mission model archived — available as reference for next cohort 
S/C Design: Mission complete: science data delivered; spacecraft decommissioned or handed to next 
cohort with lessons learned 
Writing: Final oral presentation and Mission Summary report — graded deliverables 

  



 46 

 

B.2 — Dual-Track Module Schedules 
The eight tables that follow give the complete module-level schedule for the dual-track SET curriculum: four courses, each delivered in parallel to a payload (PL) cohort and 
a spacecraft (SC) cohort. Each course comprises sixteen modules of two sessions. For every module the tables record the lecture topic, the laboratory or design activity, 
the state of the model-based systems engineering model, the design or build thread, and the graded deliverable. Laboratory entries are of three kinds: concurrent design 
sessions, in which teams carry out the design work; laboratories, in which measurements or hardware work are performed; and reviews. Key decision point gates are 
marked ■ and shaded; the gates present in each course are listed beneath its heading. 

Overview — the two cohort tracks compared 
The matrix below summarizes what each cohort does in each of the four courses. The tables that follow give the same material module by module, grouped course by course so that 
the two cohorts can be read side by side. Note that the grouping is not chronological: the cohorts are staggered by two semesters, so that the payload cohort's fourth course runs 
concurrently with the spacecraft cohort's second, which is when the physical handover occurs. 

Course Payload (PL) cohort Spacecraft (SC) cohort 
SET 201 
Spring, Year 1 

Teaching (shared): space environments; lunar and planetary surface science; spectroscopy; 
radiation detection; remote sensing and imaging; spacecraft systems overview; MBSE and 
requirements engineering. 
Thread: payload concept selected and developed to system requirements. 
Gates: MRR (M9); Payload SRR (M16) — gates entry to SET 301. 

Teaching (shared): identical lecture and laboratory program — the two cohorts are taught 
together in the first course. 
Thread: spacecraft concept developed to system requirements; payload accommodation 
envelope established. 
Gates: MRR (M9); Spacecraft SRR (M16) — gates entry to SET 301. 

SET 301 
Fall, Year 1 

Teaching: instrument physics — optical detector physics; spectroscopy for planetary science; 
radiation detection; instrument performance and error analysis; payload thermal, avionics and 
power. 
Thread: payload design from the SRR baseline through detailed design to a frozen build 
definition. 
Gates: Payload PDR (M10); Payload CDR (M15) — build authorization for SET 400. 

Teaching: orbital mechanics (three modules: two-body dynamics; perturbations and lifetime; 
mission design); space radiation and environment effects; attitude dynamics and control; 
structures and thermal; avionics, communications and power. 
Thread: spacecraft design driven by the mission orbit and the payload interface specification. 
Gates: Spacecraft PDR (M10); Spacecraft CDR (M15) — build authorization; physical 
payload received from PL 401. 

SET 400 
Spring, Year 2 

Teaching: build engineering — electronics manufacturing; electrostatic discharge and 
reliability; test equipment and measurement practice; mechanical fabrication; contamination 
control; integration engineering; quality assurance; acceptance testing. 
Thread: payload built, integrated and accepted against the 301 CDR baseline. 
Gates: none — build proceeds under the CDR authorization granted at the close of SET 301. 

Teaching: instrument science taught alongside the build — measurement principles; detector 
physics; spectroscopy; calibration; payload–bus interaction science (mechanical, electrical, 
thermal); science data products. 
Thread: spacecraft bus built and the received payload integrated; integrated acceptance. 
Gates: none — build proceeds under the CDR authorization granted at the close of SET 301. 

SET 401 
Fall, Year 2 

Teaching: environmental testing; instrument calibration; and a mission-operations strand — 
operations architectures, telemetry and commanding, planning and scheduling, science data 
pipelines, anomaly response. 
Thread: payload verification and environmental qualification, then transfer of the tested, 
calibrated instrument to the spacecraft cohort. 
Gates: Payload FRR (M11); Payload handover (M14) — delivered into SC 301. 

Teaching: integrated verification and validation; on-orbit calibration; science data validation; 
measurement performance prediction; launch vehicle integration; mission operations. 
Thread: integrated spacecraft verified, qualified, launched and operated. 
Gates: TRR (M11); FRR (M14) — launch authorization. 
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SET 201 — Introduction to Space Systems · Payload Cohort 
Dual-Track Schedule: Payload Design Thread + MBSE | 16 Modules × 2 Sessions | Spring 
GATES (■): MRR — Mission Readiness Review (M9) | Payload SRR — System Requirements Review (M16), gates entry to SET 301 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Payload Design Thread Graded Deliverable 
1 1-2 Course introduction; space exploration and 

observation overview Concurrent design session — team formation; 
SCRUM roles; laboratory orientation toolchain installed; project 

repository established Mission concept brainstorm — candidate 
science questions (NASA Decadal Survey)  

2 3-4 Space mission architecture framework (SMAF); 
NASA life cycle; MBSE overview Concurrent design session — NASA Decadal 

Survey priority analysis; science question 
selection 

OA — operational capabilities 
defined Draft STM — science question → 

measurement → instrument concept STM draft (in-class) 

3 5-6 MBSE fundamentals; cyber-physical space 
systems architecture Concurrent design session — introduction; first-

pass operational analysis OA — mission context and actors 
defined Environmental constraints on payload concept  

4 7-8 MBSE methodologies; requirements engineering Concurrent design session — requirements 
engineering practice; science traceability matrix 
drafting 

OA — operational activities and 
scenarios Payload system context — operational 

scenarios in OA  

5 9-10 Space environments — heliophysics, radiation, 
thermal, vacuum Laboratory — space environment constraint 

mapping; orbit, thermal and radiation environment 
simulation 

OA — environmental constraints 
captured Payload concept selection — narrow to one 

instrument concept per team Project Concept Paper (6pp, 
2pp/student) 

6 11-12 Lunar and planetary surface science; 
geochemistry; NASA priority science targets Concurrent design session — science question 

finalized; measurement requirements derived from 
the STM 

OA — mission needs traced to 
operational capabilities Science question finalized; STM v2 — 

measurement requirements derived  

7 13-14 Spectroscopy fundamentals — optical and 
infrared; photon detection principles Laboratory — spectroscopy on the optical bench; 

spectral measurement and detector introduction OA → SA transition begins Instrument measurement requirements — 
wavelength range, SNR, resolution  

8 15-16 Radiation detection — particle physics, detector 
types, space applications Laboratory — radiation detection (Geiger-Müller 

counter, scintillator); detector response 
measurement 

SA — system functions defined Payload requirements draft — instrument type 
selected; measurement concept validated  

9 17-18 Mission Readiness Review (MRR) — criteria, 
deliverables, preparation Review — MRR dry run and team presentations; 

peer review; instructor feedback OA complete — system 
requirements baselined ■ MRR — mission readiness reviewed; mission 

concept and payload requirements approved to 
proceed to SRR 

MRR paper and presentation 

10 19-20 Remote sensing and imaging systems — optical 
design, aperture, resolution, field of view Laboratory — remote sensing data analysis; 

imaging system parameters (aperture, resolution, 
field of view) 

SA — payload system analysis 
begins Remote sensing and imaging concept — 

aperture, resolution and field of view for the 
selected instrument 

 

11 21-22 Spacecraft systems overview — bus architecture, 
power, thermal, communications, attitude control Concurrent design session — spacecraft 

accommodation study; first-pass mass, power and 
pointing budgets 

SA — system interfaces defined Payload requirements matrix complete (mass, 
power, data, volume); spacecraft 
accommodation understood 

 

12 23-24 System Requirements Review (SRR) — format, 
criteria, NASA standards Concurrent design session — payload SRR 

package assembly; STM, requirements matrix, SA 
review 

SA package assembled for the 
SRR Payload SRR preparation — all payload 

requirements traceable to STM SRR paper draft 

13 25-26 Ethics in space engineering — debris, dual use, 
planetary protection Concurrent design session — SRR paper 

revision; ethics case study SA — requirements traceability 
verified Payload SRR documentation SRR paper — revised draft 

14 27-28 Mission feasibility and cost estimation; SET 
program business model Concurrent design session — feasibility 

assessment; cost estimation; commercial 
component survey 

SA — updates from feasibility and 
cost inputs Payload SRR final documents SRR paper (final submission) 

15 29-30 Semester review; SET program overview; 
pathway to SET 301 Concurrent design session — team project 

summary; pathway brief on what SET 301 
requires 

SA package prepared for handoff 
to SET 301 Payload SRR outputs packaged for 301 Design 

Phase Project Summary paper 

16 31-32 Final presentations — mission concept and 
system requirements; SRR presentation Review — SRR oral presentations; peer 

evaluation; course debrief OA/SA baseline frozen at SRR; 
delivered to SET 301 ■ Payload SRR — payload system 

requirements reviewed and baselined; gates 
entry to SET 301 

SRR oral presentation 
(graded); final oral 
presentation 
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SET 201 — Introduction to Space Systems · Spacecraft Cohort 
Dual-Track Schedule: Spacecraft Design Thread + MBSE | 16 Modules × 2 Sessions | Spring 
GATES (■): MRR — Mission Readiness Review (M9) | Spacecraft SRR — System Requirements Review (M16), gates entry to SET 301 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Spacecraft Design Thread Graded Deliverable 
1 1-2 Course introduction; space exploration and 

observation overview Concurrent design session — team formation; 
SCRUM roles; laboratory orientation toolchain installed; project 

repository established Spacecraft mission framing — same shared 
mission concept; SC cohort orientation to 
spacecraft development role and payload-as-
input model 

 

2 3-4 Space mission architecture framework (SMAF); 
NASA life cycle; MBSE overview Concurrent design session — NASA Decadal 

Survey priority analysis; science question 
selection 

OA — operational capabilities 
defined Draft mission-to-spacecraft concept — how the 

mission drives spacecraft needs; ingest prior 
PL cohort payload SRR/PDR outputs as design 
input 

Spacecraft concept brief (in-
class) 

3 5-6 MBSE fundamentals; cyber-physical space 
systems architecture Concurrent design session — introduction; first-

pass operational analysis OA — mission context and actors 
defined Environmental constraints on spacecraft 

concept (orbit, thermal, radiation, launch)  
4 7-8 MBSE methodologies; requirements engineering Concurrent design session — requirements 

engineering practice; science traceability matrix 
drafting 

OA — operational activities and 
scenarios Spacecraft system context — operational 

scenarios in OA; payload accommodation 
envelope from PL knowledge 

 

5 9-10 Space environments — heliophysics, radiation, 
thermal, vacuum Laboratory — space environment constraint 

mapping; orbit, thermal and radiation environment 
simulation 

OA — environmental constraints 
captured Spacecraft concept selection — bus class and 

configuration approach selected per team Project Concept Paper (6pp, 
2pp/student) 

6 11-12 Lunar and planetary surface science; 
geochemistry; NASA priority science targets Concurrent design session — science question 

finalized; measurement requirements derived from 
the STM 

OA — mission needs traced to 
operational capabilities Mission/orbit finalized; spacecraft driving 

requirements derived from mission + payload 
envelope 

 

7 13-14 Spectroscopy fundamentals — optical and 
infrared; photon detection principles Laboratory — spectroscopy on the optical bench; 

spectral measurement and detector introduction OA → SA transition begins Spacecraft subsystem survey — how payload 
measurement requirements flow to bus (power, 
pointing, data, thermal) 

 

8 15-16 Radiation detection — particle physics, detector 
types, space applications Laboratory — radiation detection (Geiger-Müller 

counter, scintillator); detector response 
measurement 

SA — system functions defined Spacecraft requirements draft — bus 
architecture selected; payload accommodation 
validated 

 

9 17-18 Mission Readiness Review (MRR) — criteria, 
deliverables, preparation Review — MRR dry run and team presentations; 

peer review; instructor feedback OA complete — system 
requirements baselined ■ MRR — mission readiness reviewed; mission 

concept and spacecraft requirements approved 
to proceed to SRR 

MRR paper and presentation 

10 19-20 Remote sensing and imaging systems — optical 
design, aperture, resolution, field of view Laboratory — remote sensing data analysis; 

imaging system parameters (aperture, resolution, 
field of view) 

SA — spacecraft system analysis 
begins Mission imaging and remote sensing needs 

translated into spacecraft data and pointing 
requirements 

 

11 21-22 Spacecraft systems overview — bus architecture, 
power, thermal, communications, attitude control Concurrent design session — spacecraft 

accommodation study; first-pass mass, power and 
pointing budgets 

SA — system interfaces defined Spacecraft requirements matrix complete 
(mass, power, data, pointing, thermal)  

12 23-24 System Requirements Review (SRR) — format, 
criteria, NASA standards Concurrent design session — spacecraft SRR 

package assembly; requirements matrix, SA 
review 

SA package assembled for the 
SRR Spacecraft SRR preparation — all spacecraft 

requirements traceable to mission and payload 
interface 

SRR paper draft 

13 25-26 Ethics in space engineering — debris, dual use, 
planetary protection Concurrent design session — SRR paper 

revision; ethics case study SA — requirements traceability 
verified Spacecraft SRR documentation SRR paper — revised draft 

14 27-28 Mission feasibility and cost estimation; SET 
program business model Concurrent design session — feasibility 

assessment; cost estimation; commercial 
component survey 

SA — updates from feasibility and 
cost inputs Spacecraft SRR final documents; payload-

interface control assumptions documented SRR paper (final submission) 

15 29-30 Semester review; SET program overview; 
pathway to SET 301 Concurrent design session — team project 

summary; pathway brief on what SET 301 
requires 

SA package prepared for handoff 
to SET 301 Spacecraft SRR outputs packaged for 301 

Design Phase (spacecraft PDR) Project Summary paper 

16 31-32 Final presentations — mission concept and 
system requirements; SRR presentation Review — SRR oral presentations; peer 

evaluation; course debrief OA/SA baseline frozen at SRR; 
delivered to SET 301 ■ Spacecraft SRR — spacecraft system 

requirements reviewed and baselined; gates 
entry to SET 301 

SRR oral presentation 
(graded); final oral 
presentation 
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SET 301 — Design of Space Systems · Payload Cohort 
Dual-Track Schedule: Payload PDR → Payload CDR (Build Gate) + MBSE LA/PA | 16 Modules × 2 Sessions | Fall 
GATES (■): Payload PDR — Preliminary Design Review (M10) | Payload CDR — Critical Design Review (M15), build-authorization gate for SET 400 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Payload Design Thread Graded Deliverable 
1 1-2 SET 301 course overview; review of the 201 

payload SRR baseline; design phase objectives Concurrent design session — payload SRR gap 
analysis; team formation and sprint launch Import 201 package; SA baseline 

established Payload SRR baseline confirmed — 
requirements complete and traceable to the 
STM 

 

2 3-4 Payload system architecture — instrument 
concept to subsystem breakdown; requirements 
flowdown from the SRR baseline 

Concurrent design session — instrument concept 
trade; subsystem breakdown SA → LA transition; system 

functions allocated to subsystems Payload architecture defined — subsystem 
boundaries and interfaces established  

3 5-6 Optical detector physics — photodetectors, CCDs, 
CMOS, focal plane arrays; detector selection 
criteria 

Laboratory — detector characterisation; signal-to-
noise measurement; commercial detector survey LA — optical and detector block 

defined Detector selection — signal-to-noise, dark 
current, readout noise; interface to the optical 
subsystem 

 

4 7-8 Spectroscopy for planetary science — reflectance, 
emission, absorption; instrument types (grating, 
AOTF, filter wheel) 

Laboratory — spectrum acquisition and analysis; 
instrument concept trade LA — spectral subsystem block 

defined Spectral subsystem design — type selection, 
wavelength range, spectral resolution Payload PDR paper draft — 

Section 1 (science overview 
and STM) 

5 9-10 Radiation detection for space — particle 
telescopes, neutron detectors, gamma-ray 
spectrometers 

Laboratory — detector calibration; energy 
spectrum analysis LA — radiation subsystem block 

defined Radiation subsystem design — detector type, 
shielding, energy range  

6 11-12 Instrument performance and error analysis — 
calibration, signal-to-noise, instrument function, 
uncertainty 

Concurrent design session — instrument 
performance model; calibration procedure draft LA — performance allocations 

captured against requirements Instrument performance model complete — 
signal-to-noise versus target; calibration plan Payload PDR paper draft — 

Section 2 (instrument design) 
7 13-14 Payload thermal design — temperature ranges, 

thermal cycling, thermal management materials Concurrent design session — payload thermal 
model; bus thermal interface definition LA — thermal block defined; 

interface to the spacecraft bus Payload thermal design — operating range, 
heaters and coolers, thermal interface to the 
bus 

 

8 15-16 Payload avionics and power — electronics, data 
acquisition, embedded software, power 
conditioning and budget 

Concurrent design session — avionics 
architecture; data acquisition chain; power budget LA draft complete — all payload 

subsystem blocks defined Payload avionics and power design — 
acquisition chain, embedded software, power 
budget, interface requirements 

Payload PDR paper draft — 
Section 3 (avionics, power, 
thermal) 

9 17-18 Payload PDR — purpose, criteria, entrance and 
exit conditions; PDR preparation Concurrent design session — PDR package 

assembly; presentation dry run LA package prepared for the PDR 
baseline PDR preparation — full payload design 

integrated; all requirements traceable Payload PDR paper (18pp, 
6pp/student) — full draft 

10 19-20 Payload PDR presentations — formal review 
board; faculty and guest panel Review — payload PDR oral presentations; 

panel Q&A; design dispositions recorded PDR model baseline recorded; 
review item dispositions 
captured 

Payload PDR — preliminary design 
reviewed; dispositions assigned for detailed 
design 

Payload PDR paper (final) 
and presentation (graded) 

11 21-22 Detailed design I — from PDR dispositions to 
engineering drawings Concurrent design session — review item 

dispositions closed; design updates implemented LA → PA transition begins Detailed design — PDR dispositions closed; 
subsystem designs advanced toward build 
definition 

 

12 23-24 Detailed design II — interfaces, tolerances, and 
parts selection Concurrent design session — interface control 

document development; parts selection PA — components allocated Interface control and parts selection — ICD 
drafted; long-lead items identified Payload CDR paper draft 

13 25-26 Payload CDR — purpose, criteria, build-
authorization process Concurrent design session — CDR package 

assembly; bill of materials and parts list PA — payload physical 
architecture detailed CDR preparation — drawings, bill of materials, 

parts list, performance predictions  
14 27-28 Detailed design finalization; manufacturing 

drawings; ethics in design freeze Concurrent design session — drawing package 
completion; build plan drafted PA complete — component 

definition and interface control 
finalized 

CDR documentation package — complete 
drawings, interface control, parts list Payload CDR paper (18pp, 

6pp/student) 
15 29-30 Payload CDR presentations — formal review 

board; faculty and guest reviewers Review — payload CDR oral presentations; build-
authorization decision CDR model baseline frozen ■ Payload CDR — build-authorization gate. 

Design frozen; parts list and build plan 
approved for SET 400 

Payload CDR paper and 
presentation (graded) 

16 31-32 SET 301 semester review; final presentations; 
SET 400 build phase preview Review — payload team debrief; SET 400 handoff 

briefing Full 301 OA/SA/LA/PA package 
delivered to the SET 400 PL build 
team 

301 formally closes: Payload CDR complete — 
build authorized; CDR package delivered to 
SET 400 

Final oral presentation 
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SET 301 — Design of Space Systems · Spacecraft Cohort 
Dual-Track Schedule: Orbital Mechanics + Space Environment → S/C PDR → S/C CDR (Build Gate); Payload Receipt from PL 401 | 16 Modules × 2 Sessions | Fall 
GATES (■): Spacecraft PDR — Preliminary Design Review (M10) | Spacecraft CDR — Critical Design Review (M15), build-authorization gate for SET 400; physical payload received from PL 401 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Spacecraft Design Thread Graded Deliverable 
1 1-2 SET 301 course overview; spacecraft system 

architecture; receipt of the prior-year payload SRR 
package; design phase objectives 

Concurrent design session — ingest the payload 
SRR package (mass, power, pointing, data, 
thermal); bus architecture first pass; team 
formation and sprint planning 

Import 201 SC mission package; 
SA baseline established Spacecraft design context established; payload 

interface specification ingested as design input; 
bus architecture defined 

 

2 3-4 Orbital mechanics I — the two-body problem, 
orbital elements, orbit types and orbit selection Concurrent design session — orbital element 

computation; orbit selection exercises against 
mission requirements 

LA — orbit and mission constraints 
captured as spacecraft 
requirements 

Mission orbit selected — orbital elements and 
orbit class defined against mission 
requirements 

 

3 5-6 Orbital mechanics II — perturbations (J2, 
atmospheric drag, solar radiation pressure), orbit 
lifetime, station-keeping, delta-V budget 

Concurrent design session — perturbation and 
lifetime analysis for the mission orbit; delta-V 
budget 

LA — orbit maintenance and 
lifetime constraints captured Orbit maintenance and lifetime established — 

delta-V budget derived; perturbation effects 
quantified 

 

4 7-8 Orbital mechanics III — mission design: ground 
track, coverage, eclipse periods, launch windows, 
ground-station access 

Concurrent design session — ground track, 
coverage and eclipse analysis; ground-station 
access planning 

LA — coverage, eclipse and 
ground access constraints 
captured 

Mission profile complete — coverage, eclipse 
periods and ground-station access derived as 
driving requirements 

Spacecraft PDR paper draft 
— Section 1 (mission, orbit 
and spacecraft overview) 

5 9-10 Space radiation and environment effects — 
trapped belts and solar particle events, total 
ionizing dose, single-event effects, displacement 
damage; shielding; spacecraft charging, atomic 
oxygen, micrometeoroids and debris 

Concurrent design session — radiation 
environment assessment for the selected orbit; 
shielding and parts trade against the mass budget 

LA — environmental constraints 
captured; parts and shielding 
allocations recorded 

Radiation and environment design drivers 
established — dose estimate for the selected 
orbit; shielding approach and parts class 
selected 

 

6 11-12 Attitude dynamics and control — rigid-body 
dynamics, environmental torques (gravity 
gradient, solar pressure, magnetic), sensors and 
actuators, pointing budget 

Concurrent design session — ADCS trade study; 
pointing budget driven by the payload requirement LA — ADCS subsystem block 

defined ADCS concept selected; pointing budget meets 
the payload pointing requirement Spacecraft PDR paper draft 

— Section 2 (space 
environment and attitude 
control) 

7 13-14 Spacecraft structures and thermal design — 
launch loads, mass budget, configuration and 
payload mounting; radiative and conductive heat 
transfer, thermal balance 

Concurrent design session — structural 
configuration and mass budget rollup; thermal 
model and payload thermal interface 

LA — structures, configuration and 
thermal blocks defined Structural configuration and mass budget 

baselined; thermal design and payload thermal 
interface accommodated 

 

8 15-16 Spacecraft avionics, communications and power 
— data handling, flight software, radio-frequency 
link and ground segment, power distribution and 
energy balance 

Concurrent design session — avionics 
architecture; link budget from payload data 
volume; power distribution and energy balance 

LA draft complete — all spacecraft 
subsystem blocks defined Spacecraft avionics, communications and 

power design — data bus, flight software, link 
budget, power distribution, payload interface 
electronics 

Spacecraft PDR paper draft 
— Section 3 (structures, 
thermal, avionics, 
communications and power) 

9 17-18 Spacecraft PDR — purpose, criteria, entrance and 
exit conditions; PDR preparation Concurrent design session — PDR package 

assembly; presentation dry run LA package prepared for the PDR 
baseline PDR preparation — full bus design integrated; 

payload interface control complete Spacecraft PDR paper (18pp, 
6pp/student) — full draft 

10 19-20 Spacecraft PDR presentations — formal 
review board; faculty and guest panel Review — spacecraft PDR oral presentations; 

panel Q&A; design dispositions recorded PDR model baseline recorded; 
review item dispositions 
captured 

Spacecraft PDR — preliminary design 
reviewed; dispositions assigned for detailed 
design 

Spacecraft PDR paper 
(final) and presentation 
(graded) 

11 21-22 Detailed design I — from PDR dispositions to 
engineering drawings Concurrent design session — review item 

dispositions closed; design updates implemented LA → PA transition begins Detailed design — PDR dispositions closed; 
bus subsystem designs advanced toward build 
definition 

 

12 23-24 Detailed design II — interfaces, tolerances, and 
parts selection Concurrent design session — payload interface 

control document development; parts selection PA — components allocated Interface control and parts selection — payload 
ICD drafted; long-lead bus items identified Spacecraft CDR paper draft 

13 25-26 Spacecraft CDR — purpose, criteria, build-
authorization process Concurrent design session — CDR package 

assembly; bill of materials and parts list; payload 
interface verification 

PA — spacecraft physical 
architecture detailed CDR preparation — drawings, bill of materials, 

parts list; payload interface verified against the 
received unit 

 

14 27-28 Detailed design finalization; manufacturing 
drawings; ethics in design freeze Concurrent design session — drawing package 

completion; build plan drafted PA complete — payload 
documentation integrated into the 
spacecraft model 

CDR documentation package; interface control 
document finalized for the physical payload Spacecraft CDR paper (18pp, 

6pp/student) 
15 29-30 Spacecraft CDR presentations — formal review 

board; payload received from PL 401 (end of 
semester) 

Review — spacecraft CDR oral presentations; 
build-authorization decision; payload receipt and 
inspection 

CDR model baseline frozen ■ Spacecraft CDR — build-authorization gate. 
Design frozen; build plan approved. Physical 
tested payload received from PL 401 

Spacecraft CDR paper and 
presentation (graded) 

16 31-32 SET 301 semester review; final presentations; 
SET 400 build phase preview Review — spacecraft team debrief; SET 400 

handoff briefing Full 301 OA/SA/LA/PA package 
delivered to the SET 400 S/C build 
team 

301 formally closes: Spacecraft CDR complete 
— build authorized; tested payload in hand; 
CDR package delivered to SET 400 

Final oral presentation 
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SET 400 — Build of Space Systems · Payload Cohort 
Dual-Track Schedule: Payload Build (CDR-authorized in 301) → Acceptance | 16 Modules × 2 Sessions | Spring 
GATES: none. Build proceeds under the Payload CDR authorization granted at the close of SET 301. 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Payload Build Thread Graded Deliverable 
1 1-2 SET 400 course overview; review of the 301 

payload CDR package; build plan and parts list 
confirmed Ethics lecture 1 — Space Debris 

Concurrent design session — team re-form; 
review CDR outputs; build plan; procurement 
kickoff; sprint planning 

Import the 301 CDR package; PA 
as-designed baseline established Procurement begins immediately — parts 

ordered from 301 CDR parts list; long-lead 
items tracked 

 

2 3-4 Procurement and supply chain — long-lead items, 
commercial off-the-shelf versus custom, vendor 
management Ethics lecture 2 — Protecting 
Ecosystems 

Concurrent design session — PCB layout 
finalized and sent to fabrication; component 
kitting; vendor tracking 

PA — procurement status linked to 
component allocations PCB fabrication ordered; components on order; 

procurement status tracked  

3 5-6 Electronics manufacturing — printed circuit 
assembly, soldering standards, inspection criteria Laboratory — PCB fabrication / COTS board 

acquisition; component kitting PA — electronics components 
updated to as-procured Payload electronics build begins — boards 

received, population starts  
4 7-8 Electrostatic discharge control and parts handling; 

derating and reliability practice Laboratory — component soldering and 
assembly; power interface board PA — assembly configuration 

captured Payload electronics assembled — boards 
populated and soldered  

5 9-10 Test equipment and measurement practice — 
instrumentation, calibration of test setups, bench 
measurement uncertainty 

Laboratory — payload electronics unit test — 
continuity, power-on, functional check PA — unit test results linked to 

component blocks Payload electronics unit test — power-on and 
functional checks passed  

6 11-12 Command and data handling interfaces — bus 
protocols, data acquisition, interface verification Laboratory — payload-OBC interface test — data 

acquisition from detector; command/telemetry PA — interface verification 
recorded Payload-OBC interface verified — data 

acquisition functional  
7 13-14 Mechanical fabrication and assembly — 

tolerances, fasteners, materials, structural 
workmanship Ethics lecture 3 — Human 
Exploration of Space 1 

Laboratory — payload structural assembly — 
mechanical mounting, harness routing PA — mechanical configuration 

updated to as-built Payload structural assembly — chassis, 
mounts, harness complete  

8 15-16 Contamination control and cleanliness — 
particulate and molecular contamination, 
cleanroom practice, thermal interface materials 

Laboratory — payload thermal interface — heater 
installation, thermal straps, sensors PA — thermal interface 

configuration recorded Payload thermal subsystem installed and 
checked  

9 17-18 Integration engineering — assembly sequence, 
harnessing, alignment and metrology Laboratory — payload subsystem integration — 

electronics, detector/optics, structure, thermal 
combined 

PA — as-built configuration 
captured at subsystem integration Payload subsystem integration — all 

subsystems assembled into complete unit  

10 19-20 Quality assurance and workmanship standards — 
NASA-STD-8739, inspection, non-conformance 
and corrective action Ethics lecture 4 — Human 
Exploration of Space 2 

Laboratory — integration verification; 
workmanship inspection; anomaly logging PA — inspection findings and non-

conformances logged Payload integration complete — unit 
assembled, inspected, documented  

11 21-22 Verification and validation planning — 
requirements verification matrix, test methods, 
acceptance criteria 

Laboratory — payload functional test — end-to-
end; performance vs. requirements PA — functional test results linked 

to requirements Payload functional test — end-to-end 
performance verification begins  

12 23-24 Performance verification and instrument 
calibration — reference standards, calibration 
data products 

Laboratory — payload performance verification; 
calibration against requirements PA — performance verification 

results recorded Payload performance verified against 
requirements; calibration underway  

13 25-26 Acceptance testing — procedures, pass/fail 
disposition, waivers and anomaly handling Ethics 
lecture 5 — Human Exploitation of Space: Mine 
the Moon? 

Laboratory — payload acceptance test; as-built 
documentation PA — acceptance test results 

recorded Payload acceptance test — calibrated, 
performance validated  

14 27-28 As-built documentation and configuration control 
— drawings, red-lines, build records, close-out Concurrent design session — as-built 

documentation package; anomaly resolution; 
configuration record 

PA — as-built configuration 
baselined; deviations from CDR 
documented 

Payload as-built documentation complete; 
configuration recorded Project Summary paper draft 

15 29-30 SET 400 semester review; SET 401 preview — 
verification, troubleshooting, delivery Review — payload build review; documentation 

archive; pathway brief for 401 PA as-built package assembled for 
SET 401 Payload build complete and accepted — ready 

for 401 test, troubleshoot, and handover prep Project Summary paper (final 
submission) 

16 31-32 Final presentations — payload build summary and 
acceptance results Review — oral presentations; peer evaluation; 

course debrief Full as-built PA model delivered to 
SET 401 400 formally closes: payload built and 

accepted; enters 401 for test/troubleshoot 
before handover 

Project Summary presentation 
(graded); final oral 
presentation 
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SET 400 — Build of Space Systems · Spacecraft Cohort 
Dual-Track Schedule: Spacecraft Build + Payload Integration + Instrument Science (CDR-authorized in 301) | 16 Modules × 2 Sessions | Spring 
GATES: none. Build and payload integration proceed under the Spacecraft CDR authorization granted at the close of SET 301. 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Spacecraft Build & Integration Thread Graded Deliverable 
1 1-2 SET 400 course overview; review of the 301 

spacecraft CDR package; build plan confirmed; 
received payload in hand Ethics lecture 1 — 
Space Debris 

Concurrent design session — team re-form; 
review CDR outputs; build plan; procurement 
kickoff; confirm payload status 

Import the 301 CDR package; PA 
as-designed spacecraft baseline 
established 

Procurement begins immediately — bus parts 
ordered from 301 CDR parts list; long-lead 
items tracked 

 

2 3-4 Procurement and supply chain — long-lead bus 
components, vendor management Ethics lecture 2 
— Protecting Ecosystems 

Concurrent design session — structure fabrication 
ordered; component kitting; vendor tracking PA — procurement status linked to 

component allocations Structure fabrication ordered; bus components 
on order; procurement tracked  

3 5-6 Measurement principles of the mission payload — 
what it measures, why, and how mission science 
drives design 

Laboratory — structure fabrication / assembly; 
mechanical build; harness routing PA — structural configuration 

updated to as-built Spacecraft primary structure assembled — 
chassis, panels, mechanisms  

4 7-8 Detector physics — photon and particle detection 
principles Laboratory — EPS assembly — battery, PDU, 

solar panel interfaces; power-on checks PA — power subsystem as-built 
configuration recorded EPS built and installed — power distribution 

verified  
5 9-10 Spectroscopy for planetary science — spectral 

signatures, mineralogy, surface composition Laboratory — ADCS sensor/actuator installation; 
avionics board integration PA — ADCS and avionics as-built 

configuration recorded ADCS and avionics installed — sensors, 
actuators, flight computer  

6 11-12 Radiation detection for space applications — 
gamma-ray and neutron spectroscopy heritage Laboratory — C&DH and comms integration; 

antenna installation; data bus checkout PA — communications and data 
handling configuration recorded C&DH and comms subsystems installed — 

data bus and RF checked  
7 13-14 Instrument performance and error analysis — 

signal-to-noise, uncertainty, data quality Ethics 
lecture 3 — Human Exploration of Space 1 

Laboratory — bus-level integration; thermal 
control installation; harness completion PA — as-built bus configuration 

captured Spacecraft bus integration complete — all 
subsystems installed and checked  

8 15-16 Instrument calibration — calibration philosophy, 
reference standards, calibration data for 
operations 

Laboratory — spacecraft bus functional test — 
power, data, command/telemetry end-to-end PA — bus functional test results 

linked to requirements Spacecraft bus functional test passed — ready 
for payload integration  

9 17-18 Payload–bus interaction science 1 — mechanical: 
alignment, pointing, and measurement geometry Laboratory — payload mechanical integration — 

mounting received payload to bus; alignment PA — payload mechanical 
integration recorded Payload mechanically integrated — received 

payload mounted and aligned to bus  
10 19-20 Payload–bus interaction science 2 — electrical: 

EMI/EMC, grounding, and signal integrity effects 
on measurement quality Ethics lecture 4 — 
Human Exploration of Space 2 

Laboratory — payload electrical integration — 
power and data interfaces connected; interface 
test 

PA — integrated as-built 
configuration captured Payload electrically integrated — power and 

data interfaces verified against ICD  

11 21-22 Payload–bus interaction science 3 — thermal 
environment and detector performance; 
operational constraints on data quality 

Laboratory — integrated power-on; interface 
verification; anomaly logging PA — interface verification results 

recorded Integrated spacecraft checkout — payload-bus 
interfaces verified  

12 23-24 Science data from the integrated system — data 
products, processing levels, expected 
performance 

Laboratory — integrated functional test — 
spacecraft + payload end-to-end PA — integrated functional test 

results linked to requirements Integrated functional test — full spacecraft-with-
payload performance verified  

13 25-26 Integrated system test; quality assurance and 
workmanship Ethics lecture 5 — Human 
Exploitation of Space: Mine the Moon? 

Laboratory — integrated system test — full 
functional; workmanship inspection PA — system test results and 

inspection findings logged Integrated system test — end-to-end functional 
performance validated  

14 27-28 Science data quality verification — measurement 
requirements met; as-built configuration 
documentation 

Concurrent design session — integrated 
acceptance test; as-built documentation; anomaly 
resolution 

PA — integrated as-built 
configuration baselined; deviations 
from CDR documented 

Integrated spacecraft acceptance — 
performance validated, as-built recorded Project Summary paper draft 

15 29-30 SET 400 semester review; SET 401 preview — 
test and flight readiness Review — integration review; documentation 

archive; pathway brief for 401 PA as-built package assembled for 
SET 401 Spacecraft build + payload integration complete 

— ready for 401 test and flight readiness Project Summary paper (final 
submission) 

16 31-32 Final presentations — integrated spacecraft build 
summary Review — oral presentations; peer evaluation; 

course debrief Full as-built PA model delivered to 
SET 401 400 formally closes: integrated spacecraft built; 

enters 401 for test, TRR, and flight readiness Project Summary presentation 
(graded); final oral 
presentation 
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SET 401 — Launch and Operate Space Systems · Payload Cohort 
Dual-Track Schedule: Payload V&V → Environmental Test → Payload FRR → Handover to SC Cohort | 16 Modules × 2 Sessions | Fall 
GATES (■): Payload FRR — Flight Readiness Review (M11) | Payload handover to the spacecraft cohort (M14) 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Payload V&V & Handover Thread Graded Deliverable 
1 1-2 SET 401 course overview; introduction to space 

mission operations — operations as a mission-
critical discipline 

Concurrent design session — payload V&V 
planning workshop; import 400 build baseline Import the 400 as-built PA; 

verification matrix established 
against 301 CDR requirements 

Payload V&V plan — verification matrix from 
301 CDR requirements; test flow defined  

2 3-4 Mission operations architectures — space 
segment, ground segment, operations team roles Laboratory — functional V&V — end-to-end 

payload functional test Functional verification results 
recorded against requirements Functional verification — payload performance 

vs. 301 CDR requirements  
3 5-6 Environmental testing principles — vibration, 

shock, test levels and margins Laboratory — vibration test campaign — 
workmanship and qualification levels Vibration test results recorded 

against structural requirements Vibration test complete — structural integrity 
confirmed; post-test functional check  

4 7-8 Thermal-vacuum testing — thermal balance, 
cycling, survival limits Laboratory — thermal-vacuum test campaign Thermal-vacuum results recorded 

against thermal requirements Thermal-vac test complete — performance 
verified across temperature range  

5 9-10 Environmental campaign close-out — EMI/EMC; 
test anomaly disposition Concurrent design session — environmental test 

data review; anomaly disposition Environmental campaign closed; 
anomaly dispositions logged Environmental test campaign closed — all 

anomalies dispositioned or waived  
6 11-12 Instrument calibration — calibration philosophy, 

data quality for operations Laboratory — payload calibration — reference 
sources, calibration curves Calibration data linked to 

performance requirements Payload calibration complete — calibration data 
package assembled  

7 13-14 Telemetry and commanding — packets, CCSDS 
framing, command verification Concurrent design session — payload operations 

procedures — commanding scripts, telemetry 
displays 

Operations concept captured in the 
model Payload operations concept — nominal ops 

timeline and command sequences drafted  

8 15-16 Operations planning and scheduling — flight 
rules, constraints, duty cycles Concurrent design session — payload operations 

procedures completion; ops rehearsal Operations procedures linked to 
functional blocks Payload operations procedures complete — 

reviewed against flight rules  
9 17-18 Science data pipelines — downlink, processing 

levels, archiving Laboratory — payload acceptance test execution Acceptance test results recorded Acceptance test execution — results vs. 
acceptance criteria from V&V plan FRR paper draft 

10 19-20 Anomaly response and contingency operations — 
detection, safing, recovery Concurrent design session — payload FRR 

preparation — flight readiness evidence package Verification status compiled for the 
FRR Payload FRR preparation — all verification 

evidence compiled and reviewed FRR paper draft — updated 
with test results 

11 21-22 Payload FRR — format, criteria, readiness for 
handover; FRR presentations Review — payload FRR oral presentations — all 

verification results presented V&V results recorded — 
requirements verification status 
complete 

■ Payload FRR — flight readiness of payload 
reviewed; handover authorized FRR paper (12pp, 

4pp/student) and oral 
presentation (graded) 

12 23-24 Handover engineering — interface data packages, 
documentation standards Concurrent design session — handover package 

assembly — ICDs, test reports, calibration data, 
ops procedures 

Handover package generated from 
the model Handover package assembled — complete 

documentation set for SC cohort Handover data package draft 

13 25-26 Mission operations case studies — anomaly 
resolution on flown missions Laboratory — contingency and anomaly closeout; 

final retest as required Contingency and anomaly cases 
recorded Contingency closeout — open items resolved; 

payload in flight configuration  
14 27-28 Payload handover and technical transfer briefing 

to the spacecraft cohort Review — joint session with SC cohort — physical 
transfer, interface walkthrough payload model transferred to the 

spacecraft cohort mission model ■ Payload handover — tested, calibrated 
payload delivered to SC cohort (into SC 301) Handover acceptance record 

(signed by both cohorts) 
15 29-30 Operating flagship missions — lessons from Mars 

Odyssey and Lunar Prospector-class missions; 
operations career pathways 

Concurrent design session — payload program 
retrospective — V&V lessons learned Payload model archived with 

verification evidence Payload program complete — payload flying 
forward with SC cohort  

16 31-32 Program synthesis; mission operations review; 
SET pathway forward Review — final oral presentations — payload 

program summary; peer evaluation Full payload model archived — 
available for the next cohort 401 formally closes: payload qualified, 

delivered, and documented; cohort mission-ops 
literate 

Final oral presentation; 
Payload End-of-Program 
report 
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SET 401 — Launch and Operate Space Systems · Spacecraft Cohort 
Dual-Track Schedule: Integrated S/C V&V → TRR → FRR → Launch & Operate | 16 Modules × 2 Sessions | Fall 
GATES (■): TRR — Test Readiness Review (M11) | FRR — Flight Readiness Review (M14), launch authorization 

Mod Session Lecture Topic Lab / Activity MBSE Milestone Spacecraft V&V & Mission Thread Graded Deliverable 
1 1-2 SET 401 course overview; integrated spacecraft 

verification and validation — verification 
philosophy at system level 

Concurrent design session — 400 build baseline 
review with full team; V&V plan workshop Import the 400 as-built PA; 

integrated verification matrix 
established against 301 CDR 
requirements 

Integrated V&V kickoff — as-built configuration 
audited against 301 CDR baseline; test flow 
defined 

 

2 3-4 Guidance, navigation, and control verification — 
pointing budgets, sensor and actuator test Laboratory — GNC verification test GNC verification results recorded 

against pointing requirements GNC verification — pointing accuracy test vs. 
payload requirement from 301 CDR  

3 5-6 On-orbit calibration — calibration transfer from 
ground to flight; calibration targets and campaigns Laboratory — EPS verification test On-orbit calibration plan captured 

in the model EPS verification — actual power budget vs. 301 
CDR baseline; margins confirmed  

4 7-8 Science data validation — from raw telemetry to 
validated science data products Laboratory — comms verification test Science data validation chain 

recorded Comms verification — link margin confirmed; 
downlink capacity vs. payload data rate  

5 9-10 Integrated system testing — day-in-the-life tests, 
end-to-end data flow Laboratory — payload–bus integrated system test Integrated system test results 

linked to interface requirements Payload–bus integrated system test — all 
interfaces functional; end-to-end data flow 
verified 

 

6 11-12 Measurement performance prediction — thermal 
and radiation environment effects on instrument 
data 

Laboratory — thermal verification test Measurement performance 
predictions recorded Thermal verification — temperature ranges in 

test vs. 301 CDR design margins  

7 13-14 Structural verification — mass properties, 
alignment Laboratory — structural verification; mass 

properties measurement Structural verification results 
recorded — mass properties and 
alignment 

Structural verification complete — mass, CG, 
moments of inertia confirmed  

8 15-16 Environmental testing of the integrated spacecraft 
— vibration and thermal-vacuum at system level Laboratory — integrated environmental test 

campaign Integrated environmental test 
results recorded Integrated environmental tests complete — 

post-test functional checks passed; anomalies 
dispositioned 

 

9 17-18 Test readiness — acceptance criteria, test-like-
you-fly principles Concurrent design session — TRR preparation — 

test procedure documentation; acceptance criteria 
matrix 

Test procedures linked to 
acceptance criteria TRR preparation — all test procedures written 

and reviewed TRR paper draft 

10 19-20 Acceptance testing — pass/fail disposition, 
waivers Laboratory — acceptance test execution Acceptance test results recorded Acceptance test execution — results vs. TRR 

acceptance criteria TRR paper draft — updated 
with test results 

11 21-22 Test Readiness Review (TRR) — format, criteria, 
readiness gate; TRR presentations Review — TRR oral presentations — all test 

results presented; anomaly disposition V&V results recorded — 
requirements verification status 
complete 

■ TRR — test readiness reviewed; all 
acceptance criteria met or dispositioned TRR paper (12pp, 

4pp/student) and oral 
presentation (graded) 

12 23-24 Launch vehicle integration — high-altitude 
balloon, sub-orbital, CubeSat deployer; integration 
requirements 

Laboratory — launch vehicle interface verification; 
deployment mechanism test; launch manifest 
review 

Launch vehicle interface 
verification recorded Launch vehicle interface — mass, CG, 

envelope, connector mate/demate verification FRR paper draft — Section 1 
(Spacecraft and launch 
vehicle interface) 

13 25-26 Mission operations — command and telemetry, 
anomaly response, science data pipeline Laboratory — mission operations simulation; 

ground software test; data pipeline end-to-end Operations readiness captured in 
the model Operations readiness — ground software, 

operator training, anomaly response 
procedures 

FRR paper draft — Section 2 
(Mission operations) 

14 27-28 Flight Readiness Review (FRR) — format, criteria, 
launch authorization; FRR presentations Review — FRR oral presentations — all flight 

readiness evidence reviewed Flight readiness evidence compiled 
in the model ■ FRR — flight readiness reviewed; launch 

authorized FRR paper (12pp, 
4pp/student) and oral 
presentation (graded) 

15 29-30 Launch and early operations — deployment, first 
contact, commissioning; mission debrief Laboratory — launch simulation or actual launch; 

first contact operations; commissioning checklist Launch and commissioning results 
recorded Launch and commissioning — first operational 

contact; science data acquisition begins  
16 31-32 Mission summary; science results; lessons 

learned; SET pathway forward Review — final oral presentations — full mission 
summary; peer evaluation; course debrief Full mission model archived — 

available for the next cohort Mission complete — science data delivered; 
spacecraft decommissioned or handed to next 
cohort 

Final oral presentation; 
Mission Summary report 

 
 


