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Introduction

This project aimed to explore the potential of commercial reusable suborbital vehicles to
enable unprecedented access to the mesosphere lower thermosphere (MLT) region of the
Earth's atmosphere for in-situ measurements and observations.

The increase in low-cost access to near space presented by these vehicles enables game-
changing opportunities with respect to research and education. A suborbital research
vehicle will not only grant scientists much more frequent access to in situ investigations in
near-Earth space but also allow students at all levels to gain hands-on access to space
science and engineering.

One can envision a model where students can conduct complete end-to-end projects to
design, build, fly, and analyze data from individual research projects for thousands of dollars
instead of hundreds of thousands. Such a paradigm will also strengthen ties between
university researchers, funding agencies and commercial spacecraft companies.

The MLT is a critically important but poorly understood region that plays a crucial role in
space weather, climate, atmospheric change, and Earth systems modeling. Commercial
reusable suborbital vehicles and a centralized facility to access them could significantly
augment current balloons and sounding rocket study of the MLT.

The primary objectives of this effort were to bring together scientists, engineers, educators,
and commercial operators to discuss missions and instruments that can take advantage of
frequent, low-cost suborbital vehicle flights to the MLT—supporting new research programs,
data collection, technology development, and educational opportunities at universities and
research institutions across the United States.
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Conference Team

Dr. Dianne DeTurris

Dr. DeTurris is a professor in the Aerospace Engineering Department. Dr. DeTurris has
degrees in Aerospace Engineering from Georgia Tech, Penn State, and Virginia Tech, with PhD
research in experimental hypersonic airbreathing propulsion. Before joining Cal Poly in 1998,
Dr. DeTurris was a research faculty member at the College of William & Mary. She also held
the position of a Post-Doctoral Fellow for the National Research Council at NASA Langley
Research Center and worked on fighter performance analysis for General Dynamics Fort
Worth Division. Since coming to Cal Poly, Dr. DeTurris has been interim Co-Chair of the
Aerospace Engineering Department, Director of Global Technical Education Initiatives, and
an advocate for DEI in the College of Engineering. Her teaching includes jet and rocket
propulsion, aerothermodynamics, hypersonics, systems thinking, and launch vehicle
design. Dr. DeTurris is a faculty advisor for two student rocket development clubs. Her
current research is in managing complexity in large engineered systems.

Dustin DeBrum

Dustin DeBrum is the Director Operations for Digital Transformation Hub (DxHub), California
Cybersecurity Institute, and 5G Innovation Lab at Cal Poly, where he supports cyber
education initiatives and outreach to build a skilled cyber workforce capable of navigating
today’s complex threat landscape. His higher-education career spans over 24 years at Cal
Poly, supporting university commercial operations and enterprise technology services.
Before Cal Poly, DeBrum worked for multiple dot-com companies in Silicon Valley. In
addition to his experience, DeBrum has presented and hosted workshops, conferences, and
online webinars on space cybersecurity, technology disability policy, credit card security,
and cloud deployment. DeBrum holds a bachelor’s degree in Twentieth-Century Science &
Technology History from San Jose State University and a Master’s in Educational Leadership
and Administration from Cal Poly.

Dr. Kurt Colvin

Dr. Kurt Colvin is a retired professor of industrial engineering from Cal Poly, San Luis Obispo.
His professional interests encompass a range of technical fields, including systems
engineering, data analytics, data acquisition, cloud computing, and aircraft flight test
engineering. Dr. Colvin possesses over 25 years of industrial and research experience. His
career has included work at organizations such as NASA (Ames and JPL), the Air Force Test
Pilot School, The Boeing Company, Systems Integrators, Inc., Ameridata, Festo, and Frito-
Lay, Inc. Throughout his career in education, he has taught a diverse array of subjects. These
include systems engineering, mechanical design, manufacturing processes, industrial
automation, systems simulation, manufacturing systems integration, flight test engineering,
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and data analytics. Beyond his professional endeavors, Dr. Colvin is a parent and spouse
and demonstrates a commitment to lifelong learning. His personal interests are varied and
active; he is a pilot, bicyclist, sailor, and an enthusiastic builder of projects undertaken
purely for enjoyment.

Anmol Sharma

Anmol Sharma is a fourth-year Aerospace Engineering student at Cal Poly and has been
involved in the aerospace industry through internships and projects during her university
career. Sharma served as a Spacecraft Integration Engineering Intern for SpaceX,
Mechanical Design Intern for Payload Integration for NASA, and Systems Engineer Intern for
the Paso Robles Airport. Sharma will receive her BS in Aerospace Engineering in June 2025.
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Conference Summary

The Conference on  Atmospheric
Research Using Suborbital Vehicles was
hosted at the Allegretto Vineyard Resort,
February 27-28, 2025. Planning for the |
event beganin 2024, focusing on bringing | 4
together education, government, and
commercial partners to discuss how Py
commercial suborbital vehicles are being
used to support research, now and into
the future. Figure 1 shows the conference
opening by Cal Poly President Jeffrey
Armstrong.

Figure 1 - Opening welcome from Cal Poly President

. Jeffrey D. Armstron,
Seventeen sessions were spread over 1.5 Y g

days and provided participants with time

for interaction and sharing. Sessions included the state of MLT and atmospheric research,
existing methodologies for suborbital research (e.g., balloon, drone, sounding rockets, etc.),
new horizontal lift systems, early student engagement in space research, and community
support for educational access to space and spaceport development.

The Science of the Mesosphere-Lower Thermosphere (MLT)

Dr. Todd Smith from JHU-APL set the

stage for the conference by providing an
o5 v overview of the mesosphere-lower
Ignorosphere thermosphere-ionosphere (MLT-I)
region (see Appendix C1), which poses
unique research challenges due to its
inaccessibility. Too low for satellites and
too high for balloons, with sounding
rockets providing only expensive, brief

Figure 2 - Range of the 'Ignorosphere’

Thermosphere

(Mesosphere)

50 km

Stratosphere

Troposphere

The MLT, shown in Figure 2, comprises
several layers: the mesosphere (50-85km), where meteors burn up and temperatures reach
-90°C; the thermosphere above it with dramatically increasing temperatures (200-2000°C)
that marks the boundary to space at 62 miles and features solar UV/X-ray breakdown and
aurora formation; and the ionosphere (extending to 1000km) with its three layers (D, E, F) of
charged particles that vary with sunspot cycles and can disrupt power grids.
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Dr. Smith highlighted the "Catch-22" that experiments need space-testing before
deployment and advocated for frequent, low-cost flights offering reusable platforms and
microgravity research opportunities. These would enable crucial studies in multiple areas
including the global radiation budget (affected by clouds, aerosols, and greenhouse gases),
atmospheric composition, ionosphere plasma, auroras, electron content mapping for
improved GPS accuracy, negative ions found on Titan, noctilucent clouds, upper
atmosphere lightning, and meteors.

Space to Grow

According to Stan Shull (see Appendix C2), global satellite infrastructure now exceeds
11,000 craft, with 90% in Low Earth Orbit (LEO, 200-2000 km). This distribution is particularly
significant for Mesosphere-Lower Thermosphere (MLT) research, as the lower boundary of
LEO satellites operates in the upper reaches of the MLT region that Dr. Smith described as
critically important yet challenging to study.

The $300 billion global space economy, with $75 billion from the US alone, is driving
technological innovations like CubeSats, reusable rockets, and high-volume satellite
production that could revolutionize MLT research. The shift from "exquisite" production
models (5-10 years of government-led development) to "standard" models (under 2 years of
commercial development) aligns perfectly with Smith's call for frequent, low-cost flights to
overcome the "Catch-22" of space testing. These technological and economic
developments create new possibilities for deploying specialized instruments to study the
MLT region and the vehicles needed to support a rapid flight cadence.

Shull's recommendation that an educationally focused spaceport specializing in suborbital
testing represents a direct opportunity to advance MLT research. Such testing platforms
could enable studies of the global radiation budget, atmospheric composition variability,
ionosphere plasma, and other phenomena identified as crucial research areas. The
expanding capabilities in communications and data services could also enhance real-time
monitoring of the ionosphere's D, E, and F layers, improving our understanding of how
sunspot cycles affect their structures and densities. This convergence of atmospheric
science and satellite technology offers promising pathways to expand our limited knowledge
of this critical atmospheric region that influences everything from global warming to space
weather and communications.

The Next Generation of Suborbital Vehicles

Building on the discussions of MLT science and satellite technology, Khaki Rodway
presented Dawn Aerospace's development of next-generation suborbital vehicles (see
Appendix C3), which offer promising new platforms for researching the difficult-to-access
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atmospheric region. These rocket-powered aircraft, shown in Figure 3, are designed
specifically for frequent suborbital research missions, reaching the Karman line at 100km
(62 miles). Dawn's approach directly addresses the need for frequent, affordable access to
the MLT region that Smith emphasized is "too low for satellites and too high for balloons."

Suborbital flight history has evolved from the 1961 Mercury Redstone launch and the 1963
X-15flights above the Karman line to commercial milestones like SpaceShip Onein 2004 and
Blue Origin's New Shepard in 2015. Dawn Aerospace is positioning itself as a more cost-
effective alternative at approximately $100,000 per flight, significantly less than traditional
sounding rockets. It offers advantages in turnaround time, risk reduction, and targeted
testing capabilities. Their current Mk-Il Aurora vehicle can reach hypersonic speeds past
Mach 3.5 with a goal of just 90 minutes between flights, potentially revolutionizing the
frequency of MLT data collection compared to the "rare, expensive, and not reliable"
sounding rockets that Smith described.

Dawn's suborbital vehicles provide an ideal platform for rapid prototyping and testing of both

FAMILY OF SUBORBITAL UNCREWED ROCKET AIRCRAFT

Figure 3 - Dawn Aerospace Mk-Il and Mk-Ill size comparison (see Appendix C3)

science packages and satellite systems. The remarkably quick 90-minute turnaround
between flights directly addresses Smith's "Catch-22" dilemma, where experiments need
space-testing before deployment. This rapid cadence allows researchers to iterate quickly
on instrument designs, test components in actual space conditions, identify problems,
implement fixes, and retest—all potentially within the same day. For satellite developers,
this capability dramatically accelerates the testing cycle for critical subsystems like sensors,
communications equipment, and environmental monitoring tools before committing to full
orbital deployment.
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With 40-minute flight durations providing exposure to the extreme conditions of the upper
atmosphere and space boundary, Dawn's vehicles enable realistic testing at a fraction of the
cost and time required for traditional space validation, potentially transforming how the
industry approaches both scientific instrument development and satellite systems
engineering for the expanding commercial space sector that Shull described.

Rocket Engine Testing

Continuing the discussion on rapid prototyping, Ryan Meisberger presented Stellar
Exploration's rocket testing operations at their Paso Robles Hypergolic Test Site at the future
Paso Robles Spaceport (see Appendix C4). This facility specializes in building, testing, and
loading chemical propulsion systems, including work on NASA's Capstone mission. Their
capabilities directly complement the satellite technology ecosystem described earlier and
provide the critical testing infrastructure that supports both "exquisite" and "standard"
satellite production models.

The company maintains 14 certified SCAPE
(Self-Contained Atmospheric Protective
Ensemble) handlers who safely work with
dangerous hypergolic propellants—
specifically hydrazine and dinitrogen
tetroxide—commonly used in rocket
systems. This infrastructure enables
comprehensive testing of small satellite
propulsion systems essential for
positioning and maneuvering satellites in
various orbits, including VLEO.

The facility tests (see Figure 4)
Figure 4 - Stellar Explorations Nano Satellite propulsion test monopropellant thrusters producing 0.25N
(source https://www.stellar-exploration.com/) to 0.5N of thrust (up to 24 thrusters per test)
and 5N bipropellant thrusters (up to 8 per
test). Their services include qualification unit hot-fire tests, water hammer testing, catalyst
testing, and hypergolic load tests—all critical validation steps for ensuring reliable operation
in space. With 30 engineers and an annual development cycle for new thrusters, Stellar
Exploration demonstrates the specialized aerospace testing capacity that Shull identified as
a potential focus area for a research-alighed Spaceport, while leveraging Dawn Aerospace's
capabilities of providing the propulsion system verification that satellites need before
deployment.
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Paso Robles Spaceport

Building on the foundation of MLT science needs, Dawn Aerospace's suborbital capabilities,
and Stellar Exploration's rocket testing operations, a panel featuring Bill Britton, Dr. Kurt
Colvin, and Paul Sloan presented a vision for the Paso Robles Spaceport focused on
educational access to space (see Appendix C5). Britton, the Executive Director for Cal Poly
Solano Campus and Maritime Academy Initiatives and a City of Paso Robles Airport
Commissioner, identified a common problem within the space industry: the lengthy wait
times and high costs associated with securing launch opportunities. The proposed
spaceport, shown in Figure 5, would address this by providing assured educational access
to space for testing, fostering education, connecting university programs with workforce
needs, and promoting scientific curiosity among students and the public.

Dr. Kurt Colvin introduced the Spaceport Training and Research Center (STRC), which would
provide hands-on experience and bridge commercial space opportunities with education,
research, and development. The facility would provide state-of-the-art capabilities and offer

/7, PASORODIES AIPONt (131 s (571 s 1] s P -
\ r 00 oc! r Devealagenent Projects
) Tochmclegy Canider  THl ——  B1~—m - Areas for Lease

Figure 5 - Paso Robles Spaceport and Technology Corridor (see Appendix C5)
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training at both university and professional levels. Unlike other spaceports, this initiative
would specifically focus on education and research, creating opportunities for middle
school, high school, and college students to build, design, and launch projects while stillin
school.

City of Paso Robles Economic Development Manager Paul Sloan addressed economic
development aspects of the spaceport initiative, noting that while agriculture, tourism, and
business currently drive the economy in San Luis Obispo and Santa Barbara counties, a
spaceport would bring significant additional economic benefits. The city of Paso Robles has
developed a strategic plan incorporating space tech, with the spaceport envisioned as part
of a broader Space Innovation and Technology Park. The proposed site would leverage the
Paso Robles airport, a former military facility with existing infrastructure advantages. Sloan,
Britton, and Colvin emphasized that the educational focus positions the project uniquely
among spaceports, addressing gap issues mentioned by the previous speakers that would
have a positive impact on space research.

MLT Research Case Study

Following his previous presentation, Dr. Todd Smith
provided a research case study from Johns Hopkins
University’s Applied Physics Laboratory (JHU-APL)
commercial suborbital program (see Appendix C6),
showcasing how private companies are transforming
suborbital spacecraft development. Figure 6 shows
one example of how commercial space has changed
dramatically in the last 20 years.

Their JANUS platform, a self-contained portable
system that standardizes power, data storage, and
instrument control, has completed nine flight tests
demonstrating the crucial ability to conduct
repeated experiments. The program has partnered
with the Commercial Spaceflight Federation, Blue
Origin, and Virgin Galactic over ten years, securing
NASA Flight Opportunities funding for five low-cost

2 i ;—
missions while involving numerous students  Figure 6- Blue Origin New Shepard lifts off from
working with small payloads. This case study launch site one during NS-31 (April 14, 2025)

directly supports the Paso Robles Spaceport vision (source - https://www.blueorigin.com/news/gallery)

by providing a proven model for educational space
access.

Beginning with Blue Origin launches (see Figure 6) before moving to Virgin Galactic for

vibration and electromagnetic environment studies; the JANUS program has evolved through
both successes and failures. Their experience emphasizes how rapid launch access benefits
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agile prototyping and how standardized platforms for development could be leveraged at the
proposed Spaceport Training and Research Center, particularly by using Dawn Aerospace's
quick-turnaround vehicles.

The JHU-APL program validates the need for an educationally focused spaceport, showing
how NASA partnerships can support ongoing research, how meaningful student involvement
enhances outcomes, and how proper infrastructure enables economically viable space
research. This working model confirms that the spaceport's approach to bridging
commercial space opportunities with education and research can address the gaps in MLT
region understanding while providing valuable hands-on experience for students at all
levels.

Engaging Students in Space Technology Research

Cal Poly Aerospace Engineering professor and the conference Pl, Dr. Dianne DeTurris (see
Figure 7), presented her work engaging students in space technology research focused on a
propulsion curriculum (see Appendix C7). Under her guidance, Cal Poly has developed

- comprehensive rocket technology
projects for undergraduate, graduate,
and club participants. These initiatives
provide hands-on experience in rocket
development while maintaining
rigorous safety standards throughout
all activities.

Cal Poly's rocket development uses an
\ , agile approach and has followed a
Re - y - progressive evolution in complexity

= = 1.9 A and capability. The initial focus has
P‘;"’ l LN ” o 8 been building solid motor rockets for
Figure 7 - Dr. Dianne DeTurris speaking to attendees com petitions, obtaining Tripoli

Rocketry Association certifications,
and working with solid rocket motors up to class M. DeTurris’ students later advanced to
hybrid testing using nitrous oxide and HTPB (rubber), which offered advantages in
performance and technology. Most recently, they've developed sophisticated liquid rocket
engines using ethanol and nitrous oxide, achieving remarkable success in competitions,
including the extremely challenging feat of throttling a thruster from 100% to 35% and back
up again - something only one other student team worldwide has managed to achieve.

DeTurris' work directly connects to the previous sessions by demonstrating practical

educational applications that could benefit from access to an educational Spaceport and
Dawn Aerospace's rapid-turnaround suborbital vehicles. The Collegiate Propulsive Lander
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Challenge’, she highlighted, with plans for a hovering and landing vehicle, represents the
kind of iterative testing that Smith advocated for in his MLT research case study.

Space |IOT Research Case Study

Cal Poly Electrical Engineering department professors Dr. Dennis Derickson and Steve
Dunton, along with Cal Poly Space Systems lead Jack Ryan, presented a compelling case
study on suborbital Internet of Things (loT) research that continued to build on the themes of
previous sessions (see Appendix C8). Their work focuses on LoRa (Long Range) wireless
communication technology, which, despite its low bandwidth, offers significant advantages
for space research applications due to its long-range capabilities and low cost (see Figure
8).

According to Derickson, LoRa uses a distinctive chirped waveform modulation technique
that shifts from low to high frequency, enabling low-bandwidth communication between
ground stations and low-orbit to suborbital payloads.

Mesosphere

%,

Figure 8 - Long-term Mesospheric Research Goal: Suborbital mission into the Mesosphere to leverage developed LoRa
payloads for targeted research (see Appendix C8; source - https://scied.ucar.edu/image/atmosphere-layers-diagram).

" https://landerchallenge.space/
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The team collaborates with OWL Integration?, which develops low-cost, Size, Weight, and
Power (SWAP) radios. Professor Dunton described how these systems can function
effectively with low-gain antennas on the ground and in space, making them particularly
suitable for MLT research applications. The project incorporates a "Clusterduck Mesh
Network"® with custom electronics and payloads featuring various components that work
together in a mesh configuration. This technology has multiple possible use cases, both
terrestrial and orbital. It could directly impact MLT research, offering a potential low-cost
solution for data collection in these difficult-to-access atmospheric regions.

Local Community STEM

The first day of the conference concluded with a panel moderated by local science teacher
Evan Johnston from Paso Robles High School, featuring three students with aerospace
aspirations (see Appendix C9). The panel discussed their interest in space research and
engineering projects, including collaborations to build a five-foot suborbital testing rocket
that reaches 5,000 feet. Their stories underscored both the enthusiasm among local
students and the need for more accessible aerospace education opportunities, which is
precisely what the proposed Paso Robles Spaceport aims to provide. This session
demonstrated the importance of STEM education, highlighting why bridging academic
research and commercial space applications is crucial for developing the next generation of
aerospace professionals who will contribute to future MLT research and suborbital vehicle
development.

From the Ground Up to Middle Out

Kicking off day two, Dr. Jamey Jacob from Oklahoma State University's Oklahoma Aerospace
Institute for Research and Education (OAIRE)* presented "From the Ground Up to Middle
Out: Drones and Balloons for Assistive Suborbital Observations." His work addresses the in-
situ data gap in the Planetary Boundary Layer (PBL) through a comprehensive approach
using multiple vehicle types (see Figure 9). This has evolved from performing Mars aircraft
testing at high altitudes to the NSF-funded Cloud-Map project, which helped develop
regulatory approval processes and expand partner relationships. More recently, Jacob’s
team has focused on advanced air mobility funded by NASA, supporting emerging
technologies and air traffic control by gathering wind data across various boundary layers in
urban and rural environments (see Appendix C10).

Dr. Jacob described OAIRE’s innovative use of multiple platforms to conduct atmospheric
research. Their solar balloons, which can reach 60,000-90,000 feet, provide an inexpensive
platform for student projects and team-building exercises. Having launched approximately
200 balloons with a nearly 100% payload recovery rate, they've expanded to Meteogliders

2 https://www.owlintegrations.com/
3 https://clusterduckprotocol.org/
4 https://go.okstate.edu/aerospace/
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Figure 9 - Ground Up and Middle Out Strategy for In Situ observations as outlined by Oklahoma Aerospace Institute for
Research and Education (see Appendix C10).

that offer controlled descent paths, unlike conventional balloons. Their most impressive
development is a deployable glider payload launched from a small 4-inch diameter rocket
with an N-sized motor, capable of reaching 40,000 feet before deployment. The team is also
working on plans for a Rockoon (rocket launched from a balloon) that could be conducted
at Oklahoma Air and Spaceport, located in Burns Flat, which has extensive testing
capabilities.

The presentation demonstrated another approach to accessing the difficult-to-study
atmospheric regions discussed the previous day by Dr. Todd Smith, and like Cal Poly's rocket
programs and the LoRa communications research, OAIRE's multi-platform approach offers
complementary data collection methods that could benefit from the educational spaceport
model proposed for Paso Robles. Jacob’s strategy represents another model for bridging the
gap between academia and industry while developing practical solutions for atmospheric
research—precisely the kind of collaborative work that could thrive at an education-focused
spaceport facility.

PolySat Program

Jess Bleakley, a Cal Poly third-year aerospace engineering student and PolySat® lab manager,
presented an overview of the university's student-run small satellite research and
development laboratory that established the CubeSat standard in collaboration with

5 https://www.polysat.org/
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Stanford University (see Appendix C11). Founded in 1999, the program initially focused on
student projects but has evolved into a significant contributor to small satellite
development. The program is currently working on three missions (SAL-E, AMDROHP, and
GENESys) scheduled for upcoming launch.

Bleakley emphasized how access to a suborbital launch facility would provide affordable
opportunities with fast turnaround times, enabling more iterative testing processes ideal for
agile prototyping. Aligning with the earlier calls for frequent low-cost flights to advance MLT
research and the use of multi-platform
strategies.

Overall, the PolySat program gives students
hands-on experience with real space
hardware (see Figure 10), a key part of
research and learning success addressed in
previous sessions, creating a robust
educational ecosystem that bridges
academic research with commercial space _
applications while providing valuable PP

learning opportunities for students at all Figure 10 - CalPo(ystudentsdevelop/ngandtestmganew
levels CubeSat (source - https://www.polysat.org/).

Cal Poly AMSAT Project

As a follow-up to the PolySat program, space cybersecurity educator Henry Danielson and
Cal Poly computer science student Isaac Rudnick provided a short overview of a project
leveraging the Association of Amateur Radio Satellite Organizations (AMSAT)® development
standard, which uses a $400, 3D-printed 1U CubeSat simulator to teach systems integration
and satellite communications.

Though not space worthy, this plastic modelincorporates all the components of a real orbital
or suborbital payload, allowing students to learn ground control communications and
practice using telemetry to determine rotation rates. This cost-effective educational tool,
with its open-source instructions and month-long build timeline, provides valuable hands-
on experience in radio telecommunications and CubeSat design fundamentals,
demonstrating how accessible technologies can bridge theoretical knowledge and practical
space applications.

Paso Robles Air and Spaceport Licensing Update

Given the discussion a potential educationally focused spaceport could have for research
and development, Mark Scandalis, the Paso Robles Airport Manager, presented an update

8 https://www.amsat.org/



Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

on the city’s licensing process (see Appendix C12). Following a preliminary technical review
in 2022, which confirmed the project's feasibility, the city partnered with Cal Poly to develop
the license application. The site includes 296 acres available for development and already
incorporates two static engine testing sites in its explosive site plan.

Significant progress has been made with the spaceport operations procedures, records
management plan, and initial documentation already submitted to the FAA. The city council
also secured an FAA grant to update the airport master plan to include the spaceport
concept. The remaining steps include completing the launch site location review, hazard
analysis, environmental assessment, and finalizing agreements with local agencies.
According to Scandalis, the project aims to connect the educational and research initiatives
discussed throughout the conference to the concrete infrastructure and regulatory
framework necessary to make the vision of an educationally focused spaceport a reality.

In support of Scandalis’ update presentation, Cheree Kiernan, President and CEO of
Integrated Launch Solutions (ILS), outlined the licensing process to assist other participants
working on similar programs. She explained the difference between FAA Part 420 (spaceport
licensing) and the more stringent Part 450 (launch vehicle operator licensing).

Bridging the Gap

The final conference session (see Appendices C13 and 14) featured a panel discussion on
"Bridging the Gap" between industry, academia, and government for spaceport operations,
with participants Cheree Kiernan, Robert Meyer, David Sanchez, Bob Crockett, and Mike
Mierau (see Figure 11). The purpose of this conversation was to explore key challenges facing

Y
Figure 11 - Cheree Kiernan, Robert Meyer, David Sanchez, Bob Crockett, and Mike Mierau, discuss bridging the gap
between industry, academia, and government for spaceport operations.
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space research and innovation facilities, including keeping talented workers in the local
community, securing adequate funding, developing a supportive ecosystem, and ensuring
sufficient facility utilization.

Robert Meyer from the Employment Training Panel (ETP) in the governor's office discussed
workforce development funding, noting they've already provided $400,000 to support
Cuesta Community College and have $100 million available for training programs. David
Sanchez shared his experience growing a small aerospace business from 2 to 15 employees,
emphasizing the importance of clear value propositions and affordable facilities for
startups. Bob Crockett highlighted that while the spaceport wouldn't change Cal Poly's
curriculum, it would dramatically expand opportunities for the university's 80 engineering
clubs and research initiatives through government and industry contracts. Mike Mierau from
Premier Valley Bank discussed financing options for startups and suggested that
educational institutions could be the first tenants to attract industry partners.

The panel concluded with actionable recommendations: create accessible entry points for
small companies with limited resources; implement "baby steps" with safe pilot programs
to achieve early, inexpensive wins; broaden pathways for students to develop skills needed
in the aerospace economy; advocate for support during California Aerospace Day in
Sacramento; and consider innovative approaches to facility design that could generate more
revenue while accommodating FAA limitations. This final session effectively tied together
the conference's themes of educational opportunity, economic development, and
collaborative partnerships while providing practical next steps toward realizing the Paso
Robles Spaceport vision.
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Conclusions and Next Steps

Accomplishments

e The conference successfully convened a diverse group of stakeholders, including
scientists, engineers, educators, and commercial space operators.

e |t fostered discussions on leveraging commercial suborbital vehicles for
unprecedented access to the Mesosphere-Lower Thermosphere (MLT) region.

e The event explored the potential of low-cost suborbital flights to support new
research programs, data collection, technology development, and educational
opportunities.

¢ Itshowcased advancements in suborbital vehicle technology, highlighting reusable
platforms and rapid prototyping capabilities.

e The conference saw over 100 registrations from across academia, government, and
the private sector for the 1.5-day event, with 67 participants on Thursday and 47
participants on Friday.

e Over 25 students registered from college to high school for the event to listen and to
present projects.

e The event saw five universities register, including San Jose State University, San Diego
State University, Cal Poly Pomona, and presentations from Cal Poly San Luis Obispo,
Johns Hopkins University, and Oklahoma State University.

e State and Federal representatives attended to convey support, understand need and
impact, and highlight student excellence.

e 15 commercial companies, including launch providers (Dawn, SpacelLaunch,
SpaceX, Blue Origin) registered for the event.

e Case studies demonstrated the feasibility of conducting repeated experiments and
the benefits of standardized platforms for development.

e The conference addressed the importance of creating accessible pathways for
students and researchers, emphasizing hands-on experience and collaboration
between academia, industry, and government.

e |tadvanced the Paso Robles Spaceport vision, focusing on its potential to provide
assured educational access to space, foster STEM education, and drive economic
development in the region.

e The -conference facilitated crucial conversations on licensing processes,
infrastructure development, and strategies for bridging the gap between industry,
academia, and government to support spaceport operations and the growth of the
aerospace sector.

e The conference included a "Working Backwards" exercise that generated
actionable themes such as the establishment of a multi-university educational
consortium, stakeholder communication strategies, integrated educational
pathways, and phased infrastructure development plans.
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What was the impact

The culminating activity of the conference consisted of a structured Working Backwards
exercise in which conference attendees were divided into five discussion groups to
synthesize insights and formulate strategic action items.

Working Backwards is a project planning methodology used extensively by Cal Poly’s Digital
Transformation Hub (DxHub) powered by AWS’, to understand customer goals and validate
the viability of a product or strategy. For this event, participants were put into groups and
provided with four questions:

—
.

Describe a challenge or opportunity in atmospheric research or space science.

2. How could commercial, academic, and government partners collaborate to address
the challenge or opportunity?

3. Describe how you might be able to better address the challenge or opportunity if a
solution were implemented.

4. Describe what the end result looks like.

The conversations produced several interconnected themes, such as the establishment of
a multi-university educational consortium with shared access to suborbital vehicle
opportunities, the development of comprehensive stakeholder communication strategies,
the creation of integrated educational pathways spanning from middle school through
university research programs, and the implementation of phased infrastructure
development plans to support innovation. Furthermore, participants emphasized the critical
importance of strategic alliance-building in securing regulatory approvals and community
support to ensure long-term impact on research and education.

Another important factor identified was the time requirements for successfully
implementing the outlined goals, with the agreement that a crawl, walk, run framework
encompassing immediate, intermediate, and long-term objectives be leveraged.

The groups also recognized that the convergence of educational institutions, governmental
agencies, and commercial entities is essential for establishing the operational capabilities
necessary to address the research gaps and needs discussed during the conference and to
support a more effective agile development methodology.

Intellectual Merit of the Event
The conference demonstrated significant intellectual merit by:

e Addressing Critical Research Gaps: It focused on the mesosphere-lower
thermosphere (MLT), a scientifically vital but poorly understood atmospheric region,

7 https://dxhub.calpoly.edu/
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highlighting challenges like its inaccessibility and the limitations of current research
methods.

e Convening Diverse Expertise: The event successfully brought together scientists,
engineers, educators, students, and commercial space operators from academia,
government, and the private sector to share knowledge and foster interdisciplinary
dialogue.

e Showcasing Technological Innovation: Presentations featured advancements in
commercial reusable suborbital vehicles, rocket testing, satellite technology (like
CubeSats and LoRa communication), and alternative atmospheric observation
platforms (drones, balloons, gliders), emphasizing capabilities like rapid prototyping,
frequent low-cost access, and iterative testing.

e Promoting Collaborative Solutions: The conference facilitated crucial discussions on
bridging the gap between industry, academia, and government, exploring
collaborative models for research, infrastructure development (like the Paso Robles
Spaceport), workforce training, and funding.

e Integrating Education and Research: A strong emphasis was placed on the
educational potential of suborbital research, showcasing models for engaging
students at all levels (K-12 through university) in hands-on projects, fostering STEM
pathways, and developing the future workforce.

e Generating Actionable Outcomes: The event included structured exercises that led
to concrete themes and next steps, such as the potential formation of a multi-
university educational consortium and phased development plans, indicating a
commitment to translating discussion into tangible progress.

Overall, the conference significantly contributed to advancing the understanding of MLT
science and the application of commercial suborbital vehicles, fostering innovation and
collaboration across multiple sectors.

Conclusions

The Conference on Atmospheric Research Using Suborbital Vehicles successfully convened
stakeholders from diverse sectors to address the challenges and opportunities in
Mesosphere-Lower Thermosphere (MLT) research. The event fostered discussions on
leveraging commercial suborbital vehicles for scientific exploration, technological
development, and educational advancement. Participants explored the potential of low-
cost suborbital flights to support research programs, data collection, and hands-on
educational opportunities, while also addressing the advancements in suborbital vehicle
technology and the feasibility of repeated experiments using standardized platforms.

A key focus of the conference was on the development of the Paso Robles Spaceport vision,
emphasizing its potential to provide assured educational access to space, promote STEM
education, and stimulate regional economic development. Strategic discussions addressed
licensing processes, infrastructure development, and the importance of collaboration
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between industry, academia, and government to support spaceport operations and the
growth of the aerospace sector.

The conference culminated in a "Working Backwards" exercise that generated actionable
themes such as the establishment of a multi-university educational consortium,
stakeholder communication strategies, integrated educational pathways, and phased
infrastructure development plans. Participants recognized the need for strategic alliances,
regulatory approvals, community support, and a phased implementation approach to
achieve long-term impact on research and education. The conference underscored the
importance of collaboration between educational institutions, government agencies, and
commercial entities to establish operational capabilities, address research gaps, and
support agile development methodologies in the field.

When participants were asked about what new idea resonated with them, the top two
phrases were collaboration and rapid prototyping, highlighted in Figure 7, both of which align
with key points raised during the Working Backwards exercise. The proposed consortium
model would leverage collective resources to provide unprecedented access to suborbital
research opportunities, with the added benefit of addressing workforce development needs
through integrated educational pipelines. At the same time, assured educational access to
facilities and suborbital platforms could change the paradigm for research and
development. These approaches align with the conference's overarching theme of
democratizing access to space research through commercial suborbital vehicles,
particularly for educational institutions and early-career scientists.

Next Steps

Continued Discussion—Communication and collaboration were key themes of the event,
with many participants eager to share ideas and collaborate on innovative ways to support
MLT research and systems development. As such, the conference provided a great
opportunity for networking and discussion.

We recommend a cadence of follow-up in-person or online events for academic,
commercial, and governmental participants to allow research teams to share projects and
hardware needs or innovations, commercial partners to share new platforms and
capabilities, and government agencies to provide updates on funding opportunities or
infrastructure development plans.

Educational Consortium Development—The establishment of a multi-university
educational consortium with shared access to suborbital vehicle opportunities was an
innovative idea generated from the event, and multiple attendees expressed their interest in
participating. Furthermore, Dawn Aerospace has indicated its interest in partnering in such
a consortium and the potential for a ‘wet lease’ model to provide regional launch
capabilities.
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We recommend creating a working group including the conference participants (academic
and commercial) to develop integrated educational pathways from middle school through
university research programs to foster interest and expertise in the field.

Assured Educational Access to Space—Access to facilities and suborbital platforms from
a dedicated educational facility near an applied research university could change the game
for suborbital testing, research, and development. It can also be the catalyst for early
education and operational training programs. Establishing the Paso Robles Spaceport
Training and Research Center (STRC) addresses these needs.

We recommend implementing a phased infrastructure development plan to support
innovation and growth in a sustainable manner. This plan should include a "crawl, walk, run"
framework with immediate, intermediate, and long-term objectives to manage the time
requirements for successfully implementing the outlined goals.

We think it is important to continue to foster the convergence of educational institutions,
governmental agencies, and commercial entities to establish the operational capabilities
needed to address research gaps and support agile development methodologies

With commercial and governmental partners already in line to support this initiative and the
potential for turnkey resources, the problem of the ighorosphere can be solved.
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Appendix B - Agenda

CONFERENCE ON ATMOSPHERIC RESEARCH USING
COMMERCIAL SUBORBITAL VERICLES

February 27-28, 2025

Allegretto Vinyard Resort, Paso Robles

Thursday, February 27, 2025

T:300.m. - 3 pan. Registration THIS WORK IS
1:30 - 830 a.m, Breakfast Bae SUPPORTED BY
$:30 -840 0.m, Jetf Armstrong \ Welcome from Cal Poly at
| Presadent
$:40 - BASom. Dustin DeBrum | Conference Overview &
| Logistics
| t ULS. Natioeul
8:45-9:300.m, Todd Smith | The Kiene of the . e
| Mesosphere-Lower
| Thermosphere (MLT)
930 - 1030 am, Stan Shull | Keynote speakes: Spaceto
| Grow
10:30 - 11 a.m, ; Moming Break
11-11:300.m, Khaki Rodway | Dawn Acrospace: Next
| Generation of Suborbital
| Vehicles
11:30am - 12pm. | pyan Melsherger | Stellar Exploration:
- . - ) ) | Rocket Testing Operations
12 - 1:30 p.m. | Lunch Buffet
p——— - -
1:30 - 140 pm, Kasa Woodrufl | Remarks from Senator DIGITAL TRANSFORMATIO
e . | Laird’s Office CALIPORNIA CYRL
1:40 - 220 p.m. 831l Bitton/Kurt Colvin/ | Paso Robles Spaceport ALY
Paut Sloan | Vision, Educational Programs
| and Opportunities
20 - 250 pen, Todd Smith | MLY Reseacch Case Study
2:50 - 210 pum, Dianne DeTurris | Engaging Students in Space
j Technology Research
3110 - 340 pm. Dennés Derickson | Space loT Resevech Case
| Study
i ’ S e .
40 - 37 . | Al Break m
3:40 - 3:50 p.m, | Afternoon Breal 'y ETP
350 - &20pm Evan Johnston | Panel: Local Community (g = art T arva) o
[modesator] | STEM Showcase and
| Spaceport interest
i Panclists: Grant Acevedo,
| Kyle Dart, Anthony Williams
420 - 430 pm Dustin DeBrum | Reflections and Sumenary for
| the Day
+ .
430 -6 pm. | Happy Hour Reception (Sponsored by JUSTIN)

05/01/2025




Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles

Final Report - NSF Award ID 2432335

05/01/2025

730 -830 am Breakfast 8ar

$30-850am Jamey Jacod From the Geound Up 10
Middle-Out: Drones 3ad
Ballocns for Assistive
Suborbital Observations

§50-%10am Jess Bleaidey PolySat Program

9:10-9205.m

Heney Danielscn/
1533¢ Rudnick

Cal Poly AMSAT Project

920 =940 a.m.

Mark Scandalis

Paso Robles Air and
Spaceport Licensing Update

940 ~10a.m

Cheree Kieenan ILS

Understanding Spaceport,
Vehicle, and Paylood
Licensing

10-10209.m.

Moming Break / Panel Setup

1020-11am

Paul Sloan (moderatorn)

Panel: Bidging The Gope
Collaboration between
Industry, Academia and
Government for Spaceport
Operations. Panelists: Robert
Meyer (ETF), David Sanchez
(Streamiline Aecospace), Bob
Crockett {Cal Poly), Mike
Mierau (Premiere Valley
Bank)

11-11:300m

Oustin DeBrum

Workshep Closure and Net
Steps Informal Discussion -
Open to Al

1120am-1pm

Boxed Lunches
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Appendix C - Presentations

C1 -The Science of the Mesosphere-Lower Thermosphere (MLT) —Smith

v JOHNS HOPKINS

Science at the MLT-l

NAF Canterence an Atmosghenic Ressarch Using Commearcial Subertal Vehicins

Outline

* Introduction to the MLT-I
* Why study the MLT-I1?
* (Very brief) Introduction to commercial suborbital

» Some example MLT commercial suborbital
applications...

* Summary
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Introduction to the Mesosphere-Lower Thermosphere-
lonosphere (MLT-l)

+ Earth’s atmosphere generally considerad from
the surface 1o atude of ~1000 km

* Divided into 5 main layers
Troposphere (~0-10 km ) ~75% of smosphere
Stratosphere (~10-50 k) contams most of azone
Mescaphers (~50-85 )’ rpermiures decroase
Thermosphere (~84-400 km ) temporaiures iIncresse
Excaghere (400 kmj mainly coypen & hydrogen

* Within excsphere, particles likely escape to

space
» The lonosphere overiaps at ~60-500 km
« Commercial suborbital vehicies offer game-

changing access 1o the Mescsphere & Lower
Tharmosphere ("MLT") & lcnosphere

* Directly above the Stratosphere @ ~50-85 km
(~31.53 miles)

+ Considerad “middle atmosphere” (along with
Stratosphere)

* Temperatures decrease with altitude

» Coldest atmospheric temperature —-90° C

« Stratopause: lower boundary with Stratosphere

* Mesopause: upper boundary with Thermosphere

* Difficult to directly study
Too low for satelitestoo high for balloons and aroraft
Mainly studed with boel. nfrequent scunding rockels
S8 much 0 lsaen about e mesocsphere
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More about the Mesosphere (Part 2)

+ Gas molecules & atoms are thoroughly mixed

* Most meleors vaporize in this layer

Relatve hNgh concentration of ron & other metals

» Surpnsing "Noctilucent Clouds® or "Polar
Mescspheric Clouds® sometimes near the poles

Moch higher thae ‘normal’ clouy

Form in 2 much drer ecvironmend (than Treposphere

+ Odd electrical discharges akon to lightning, called
"sprites” and "ELVES"

+ Varous waves and tides carry enorgy from below
ino the Mesosphore

Drives most gobal croulation

9
More about the Thermosphere (Part 1)

Directly above the Mesosphere @@ ~90-500 km
(~55-600 miles)

Contains tradiional boundary fo space @100 km
(~62 miles)

Temperatures increase with altitude
Clard® sharply up 0 ~200-300 k= and Ban lovels off
Upper Thermosphere can exceed 2000 (

« Solar activity strongly influences temperature

=200 C (holer i deytirre

~S00° C whan Sum s vory actve

* Thermosphere: upper boundary with Exosphere

* Lower Tharmosphare also difficult 1o directly study

100 low for salelientoo Righ for ballcons and arcrafl

Manky studed with brel, infrequent soundng rockets
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More about the Thermosphere (Part 2)

» Critical transition region from collissonal 1o non-
collisional
Enargetc Sclar UV and Xoeay photions treak apart
moacuos
Upper thermosphare man components: Oxygen (O)
Narogen (N)L. and Mebum (Me)

* Mast solar X-ray and UV radiation absorbed in
this layer

Tharmoaphere geta holer and expands when the Sun »
actyve

* Wave and tides drive overall circulation

* Aurora primarly occours in this layer

Migh energy sofar photons lone neutral ges
Production of lons thal populated the ionasphere -

9
What about the lonosphere? (Part 1)

Overiaps the MLT @ ~60km to >300 km (~37 10
>190 miles)

Produced by electrons, ions and photons from
space

lonzation prissarly depends On solar acthvity (e ‘Space
Weatar)

ONZalion processes release excoas energy (pholors
Producing surors)

Divided into 3 regions
D layer (<6050 am | ~ lowest, dersest layer In Mesosphere
E layor {~80.150 km) ~ typically in lower Thermosphere
F loper (~150-500 k) - typealy n wpper harmosphers

* lonization increasas in daytime
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What about the lonosphere? (Part 2)

* lonospheric structures and densities vary groatly

WIN surngol cydie, seasoraly, and durnally

With geograghcal localx poiar. surorsl rores, md
SAudes. N eQuiiny e

Wih Cerlaes solarroiafiod Knoaphenc dalurbances (space

weaher)

Dynamic system controlied by
ACOUIDE mobions of e vosthere
Elechromagretic armmecns
Varatiom in Hhe pacmagnetc teid

* Charged particies responsible for awrors

Electincaly charged paricies Tavel along Earth magoetic

ey

"ol

rrpact Sout & Nerth pole atmcaphers — ot it

* Region of positve and negative impacts

Froe shechons «
Fequency sie

JeNCo O The DrOPagasen of (et
GMBGrAtc Wivee s

Posalie oncepherc procursal 1 large sarthgualies

Why study the MLT-1?

s wrmgbume

In Sty obsarvabions are radBonaly diScult \
Marry QuesBions sl sxist 30out e MUY !
Scrmetmes seferad 10 s the “grarcaphece” wha

Suborbital region not wel understood
Mow can wa Uy undentand o admosschare with Tus hoke o oor
owhedRe O 0, MOw £ 0nred, wWhy' 1 8 Phele.
what rrawy hape ecargie of Many
Global warmerng
MEaCts Of 50008 Weaihay (COMITUNMCESONS. POwa el Imgacs
- )
Globa! ereryy Duioet
Metoor rpast 1 o stmoaphere

\ TV im

+ Goomagnetic fieid tlankets the whole planet protecsng &
from many potential havmiud effocts unioashed by sun

« The regon fllers out the shortes! wavelong®s of ultraviolet
S00rgy om the sun Defore | reaches the surface of sarth
» What else goos on rear 100km
N wort Oouos
Gravey VWaree Brmaiirg
Tobopause
Trarntoned and Triarnlorrutonel Regor
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The “Ilgnorosphere” could be our next frontier

g il e

A~ —

* MLTA altitudes are very important

Transtion bom fud amaosphere 1 colliaion Pee gas L e ]

( -
i -

Amosphere incresungly Somunated by slectodpmarucs [ - /::-— - l

Energy and momentum pass through T region om above 1 -

and rom below } '

VorabAty and smal scale stuchre largely uneagboiod ; ~ l

Gosmagnetc fuld tlanhats e whcle planel prolecting # : L

from many poteraal RarmAs afacts urleashed By sun l M

-
« Limiled knowledge of this region (Ignorosphare) —
Too high for sircraft and balcons
Too low for bt spececratt
Sounding rochets Can 00O MGON DU
o Fights we rdroguent
o Launch sies and Yapetionss are Nghly Constrared
o Lnited fendiity of panfload operalons and paytosts

* Frequent low cost access o this region could
fundamentally change our understanding of Earth’s
aimosphere

' ~
Some new capabilities enabled by low cost/frequent
science at the edge of space

+ Expanded location and time analyss
fepostod cbeervators of same locston
Sorteg ot spatial and Yermporal varabity

* Explonng in shu complaxity in phryscal systems

* Natursl laborsiory — long colision paths
Listene of charmical eactions and path ergfs es Amitaiion on
woesandeg
Chermicil relesne eadormonts
AR surcen
ncaptenc modfcaton
Poiar Mescaptenc Dot

* Winds near the sound speed (Velooty shoars and ionospheric
rstabities)
+ Understanding lonosphenc cuments
+ Chmate forcing ~ unknown extent of top-down forcing
Prsiar rogeor vOon 800 SOwrmwirl COmetor
N code producon
Coamc rays and Couts -~ Chmalie eoplocsdon

* Comgpiele “whole atmospherc” understanding
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Where could expanded exploration of the MLT-l lead?

* We explore the upper atmosphere becausa Il is interesting ~
it aiso has practical value
Inderstanang
Predction
Masgaton
Secunty
Education

Explonston

* A more complete understanding of our atmosphere
Pasi. presert and future of the Earth
Planets i gerery (Lo sxdpianets )
« What conirots the svoltion » plarst?
« Whai masriaion the condtions for e ?

* Mow “specil” »e these conadtions?

Additional benefit - More rapid advancement of
instrument technology

* "Calch-27"
Large mission instrumentaion reguires malkunty but how 0o you
acqure s mlhou! misson ecperience
Technoiogy Readiness Level “valey of death”

Persoral axperence - Ewcpe Clpper example

* Low-cost frequent flights provide excellent method of rabidly
developing and festing new technology
Retrn of paylond — cpporunty 10 fiy prolchypesangneerng models
Myman anded musson offer cpportunty 10 move b srvironment o
0 e edge of space
Provioe the eandl roguired environment but sill provides
opportunity 10 mprove TRL
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But what do we mean by “commercial suborbital”?

* Private companies developing revolutionary suborbital
spacecraflt with nove! sclentific and engineernng applications
Routine access 10 the ‘ignorosphere’

The sstablinhment of 8 commercal space Seat (aly Act of 1825 snalogy)

* Rovolutionary suborbital spacecrafl — game-changing altributes
1-2 ordery of magritude cheager than badRonal costa
Muman wndad and urtenged
Relavvely avge paylosd Capacty
Fully teutabio wih repd tuss around
Access %o ~»100 ks
Guatermioed sale teturn of porjlcad
Up % 3 munuies of micro-gravity

* Large potential for appiications beyond space toursm
Direct resaarch of the subertalal regon
Technology developmant and fight leatng
Low cost Peguant Bight tests <> cost and scheduls reductons
STEN aducaton and mathvason

Diverse commercial suborbital rocket powered capabilities

immerging

» NASA Fight Opportunithes providers
Astrotots - Xodeo
Blue Ongin « New Shegard
EXOS Asrcapace - SARGE
Rocket Lab USA Inc. - Electron
UP Astospace - Spacelch

Virgn Galacte ~ SpacoShp Two

* Many others are making progress
Exnmrple: Dawn Asrospace MK.I
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Some examples of the significant range

of MLT-l commercial suborbital

applications...

Global Radiation Budget

* Introduction

Balancy botmaen incoming solar radaton from sun and outpong
radation emitied by Larh

Balasced redwtion budget s oriscal foe mariarnng & slabie chesate
an mhalance can lead o maming or coolng

Impacied by cloutis. settacis, greenhouse Qasns, and auriace
properbens

« Problems/questions

Uncerian impacts since Tie start of the industrial e but climade
POSPONAA IS VN MmOre ENoertam

Actorate undersiandng el % undersiand cutent sade and Loute
of our atmonphere

« Neeé 1o bofter undersiand olal esergy Nput & spectum

Neod 10 doller urdersland where energy deposted
(absorpion'scalenng by sotodols, Couds sufate, gases)

« Benefit of Commercial Suborbital

In sy meascraments of MLT- reguoss would provide unigoe maights
Caltration under-Sghts of Satelite would graally IMprove scouracy

Calration cved -Sghts of SY0Nsphenc cbselvadont would aso
INrOVe ALOUraty
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Atmospheric composition variability determination and
monitoring

* Introduction
Almaapherc compostion I & hey componant hal allow s
ot on Earth
Primary compenests am N (TE%), O (21%) A2 (0.9%) s
troce gases (<0 06%) y
Trace gases {0 04% ) nolude greenhouse 0as and water but are
vory sigeiicant

* Problems/questions !

- Detaded cbservations of spataliomporal virabilty are
ensential for understanding o sspects of our atmosphere

» Benefit of Commercial Suborbital
In sty compositional cbservalons of the Aiicul 1o reach [ =y
suborbial regon could dramatcaly mprove aimospheric
modebng i:
Oxygen A-Dand olservalons can De used as & Mestpouse
region “Themmomeler”

X

X
\ -~

\

3
X S

St

fiil 2

f il )

lonosphere plasma density and variability

* Inroduction

Created Dy s0dar radabon
Conductive layer Hat alows rfad0 wived 10 ‘Dounce” around
Pe ward

* Problems/Questions
Can dramaticaly repac! salelils COmmunicabon and 300
~ave propagaion
It 1o GPSIGNSS sgrais
D layer (and lowear T lorper) @80yt % accom - v
* Bonefit of Commercial Suborbital o
Fraguent stceds 1o Be D layst would De game-Stasgirg - y
Better undornstandng of - ‘

« Dapinght varabdty —
« Acturale paficla compoalion and lerrporakapated - 3 J
vanabity - \\‘.- -
« Falafreely rapsd response 13 siudy space weaber Im \ e . )
vty - S/ =
ey - -
- — — -
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Aurora & Auroral Currents

* Introduction
Aurorn are produced by solr wind inflerachion with the Earth's
magrete feld
o Charged particie ¥avel slong Pe magretc Neld knes ursl
Sy Herac! wilth tmOospenc parbiches (Usually ran The
rorth or south poles )
« Partcie interaction produce Ight emissions
» Colors (wavelengh) are degendent 0N atmosphenc
species and solar wind paricle energy
Observed at multipie planets

* Problems/questions
Improved understanding helps Improve knowiedge of
Mmospheric and interactions

+ Bonefit of Commercial Suborbital
Opportunty 10 sudy ncephers Ml lower Mlludes (Bul mus!t
Bunch wl Ngher & wer Iatituden )
Responsive in sity observations of auror and currents could
provde game-changng nsght

Total Electron Content

* Infroduction

Dual froguancy signals betwoen a sowrcs and G5

GNESS salelites

used 1o delarmine e Tolal Electron Cor
TEC & oefined as the woegr of the slecion denaty akeng
apciory path Yo e ranamiier 13 e receiver

Thase chserviatons amm roviinely performed om ground atalions

+ Problems/questons
mportant 40 impraving GPS sgnad acouracy

EfCenl method for montonag onsaphere stuciure. Oyrarrecs and
p0ce wadher ¥Froech

TEC provides Ba 1088 cordent on sach ine of sght Dut does revesl
Do dstrbuton along e bre of sghe

* Benefit of Commercial Suborbital
Ragidiy changing hems of sight could possitly srowde riomation
WA e D DUton dhor ah e of Mgt (Lo 30 mography

Rapid 1e2p0nms chservation couid provide ingight into temgoral

changes 1o B lonosphere

Final Report - NSF Award ID 2432335
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Negative ions - connection to other worlds

* Introduchon
NASA Cansary Masion spend 13 (2004.2017) yoars ot St andt
araTatcally NCremed U Saretary Eowiedge
Satam'y larpost moon, Than farper han Meccury) Ras a0 caresmady
Oirmse atrcadtere Pl may recresert an pamordal verwon of Eah s
Laart g L
Negatrve ns Unespeciadly dacovered of Taan
Data at Earth sugests s Vot dayngnt viraiiy o 0omposton and
dermtty of negates lora i e Dregon

. P'otnn*s\.ws‘ons

. mnn scremaly important for dving atmosghenc chermmisy
present n Eam § vdaphare M SN a0

Far mere negative 0n cbeervations it Than Dan Ea (211 v ~20)

* Berefit of Commercial Suborbital

Commertnl subaots vaisdies of B SO 1o reach sepon ol e
oAy of Srametcaly ncreasng ouf knowiedge off Negative wire n
TV alvoaghers

Cpgonumty 1o measse POgRiVE ON COMEONTON IMulipghe Smd o (o

Ao sag will provadie S g o e microfiy e and chemalry of

V8 0PN 3 aiOw U T 1881 enstng (Rermical Moy

(flery P potortal 10 Aundamentally sgeove our Understandnyg of

Mroptenc charmmlty, dyrnamics and predctve modeling

Noctilucent clouds (NLCs)

+ Introduction
Rare, wispy, Shue o shvery clouds Bl 2300001 1 LPPN
MMOsphore Surnng sumimer
Al knowm a8 poler masospiecic clouds

Only viaitie ot lattudes Detwoen 45" and 80" (100 fant 1o be
seon n daylight)

Composad of tny e orystals
Exist st ~76 kn 10 ~85 s alltudes

* Problems/guestions
- Data suggests NLCs require waler vapor, dust, and very cold
femperatiures 10 form but sources of this dust and vapor are not
ANown with cartanty

+ Benefit of Commercial Suborbital = T

Maore Foguent in sty cbservations NLCs could dramatically
mpeove understanding of them, how they are lormed and thew .
mpact on the atmosphere

Help condiem B dual and vapor sources
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Gravity waves

* Introduction

Rpgies or wavn-lao dalurtances N Be almosphers

Ree and ad n o warvo-Ske patiem

+ Problems/questions

—
Can play & ot tole in Panaleming anergy aod
mTenium Detaton Atmosphenc layen layen

Gravity waves that reach ionosphere cause raveling

wnosphece dalrbances

Provide b good mechasiam for sludying greatly varying |

wind veloobes !
+ Beneft of Commercial Suborbital

Gravity waves can 8o obssrved from space and Fround
bt cOmOdan In sy SO VIONS Srovice preal gt 7 3

o paricie irfaractions and Jynamics caused Dy these

——

foatures

Upper Atmosphere (lonospheric) Lightning

* Introduction
Short-dved (milh-2 seconds) slectne breakdown sbove noemal
Wghinng
Thought produced by mnous plasma inderacton (TLE Transent
Luminous Everds)
Geraraly beght emisson above slorma
Marny hypes sgnles, sprite halos, ghosts ,“”' s, gOantc jota
poded, gnomed, rolls, blue starters, and ELVES

Theoriz A 1900's Dat 1% video was &

Obsorved al other workds (such as Jupler)

* Problems/guestions
Urusuad phenomena that are not wel undersiood
May dramaticaly ater chemical and eslecincal MLT- properies

* Benefit of Commercial Suborbital
In Sy cbsorvalons of the near reghons can provide st inlo
lormaton
Responsive, coordnated (with ground and saleiiie) observarlons
Could holp us understand these fascinating phenomena
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Electrojets

* Introduction
Concantraled slacinc curmants hal moves Brough Ue
Eaniis vocsphere
Equatonal - permanest daytme esstward Sow
Acrorsl ~ pssockaled with surcrs and crdies the poles
« AL 100~ 130 km during solar gulet imes

+ Problems/guestions
Flucuatons can darupt comeruncalons (rado and GPS)

* Benefit of Commercial Suborbital
In Sty (and resgondaive) measurements could groatly
ncrease cur understanding of how slectropets form,
perpotuaie and Inoract with the rest of the almosphere
Betier understanaing of electrojets ot 100130 km wouls
mgrove preaction and megations

Meteor/metal input into MLT

* Inroduction
Metiocrs sre comantly Iroeciing the sinmcephers
Nost are very sl (peak Bus 100-200 méicromaier meteors )
Sgniicant samosphenc inpt (30-100 Soraidyy)
- Primary sbigton region: 80 km - 130 km
Farra a matalic iaper n the mescephers (prmarty Fe, Mg
Na andt 59
* Problems/questions
The sasscrad vaniabilty of thase metals & S%erart
Wy s Bate o Ca?
How 80 !hese melals mteract with Mrospharnc particies?

* Beneft of Commaercial Suborbital
n gty comgostion and Synamic abaervirions could provide
otical understang
Comtaned with ground Sbservabions could provide ungue
nwgh
Detaded ymal scale soanalleompural cOservatons are
reguired

05/01/2025
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Summary

+ MLT-| region of our atmosphere is oxtremely
importance but many guestions remain
Crtical Taration regon of B Mimosphere

Tradnonaly Aficult 1o reach

* Immerging commercial suborbtal vehscies
offer many game-changng capabilities that
could significantly improve our knowiedge of
Earth’s atmosphere at suborbital altitudes

Low cost
Froguest Bighl cadencs

Cuearanised rolur PayiOMd

I

odge of space

£l raises Do Bboratory erwvronmart 10 the

* |t is time fo start exploring the Earth's next \ o
frontier >

APL

JOHNS HOPKINS

APPLIED PHYSICS LABORATORY
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Space to Grow:

Presemtation Summary Document
Conderence on Atmospheric Research
Using Commercial Suborbital Vehicles

Pors Satien Coblornin
Fabrvary 27, 208

Stan Sl
O Murir won vy

Overview of the Space and Satellite Opportunity

» Research

* Space weather

= Testing

= Tech development
= Experience

= Education

Upper Atmosphere: Gateway to Space

\

05/01/2025
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® Introduction to Satellites
= Global Space Economy

* Future Space Opportunities

= Introduction to Satellites
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direct to cell phone connectivity

True Stories

= A young couple trapped in remote canyon is rescued due to
combination of GPS navigation and communication satellite

= Satellite-delivered internet learning program in Kenya brings
improved education to 180,000 students

= Protect forests
= Detect illegal activity
» Improve weather forecasts

= Provide comprehensive
climate data

Satellite Earth Observation Examples

= Spot pollution = Improve efficiency and
sustainability in many industries:

Agrculture
Transpoatation
Ladities
Mawng

Energy

bautance and Hnarce
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Economy & Security Rely on Satellites

Commercial/Civil ¢ Pomiie (onmecnTy o Smartienes * Marining of (ath end
KT emor connectiity 0 Al Lamgon Lation Puman scoeiry
* Conrmcivity onm the v . Optical
nye * Poaw pod neseret, - Mperpacnd
Tounciad tanaction, -~
(rBuly wowomy * Rade

o IRt e vtandr

mn‘mm ¢ Commund sndcontrol  + Nowsen onticd for o8 o Deteor and tack
S an wa bed 2ty ahverawrws and theeats

[ e

Where are all these satellites?

e Bt b s S e s s b a e et & bt s bt e
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= Global Space Economy

The Modern Space Sector

CUSTOMER APPLUCATIONS INFRASTRUCTURE
~
T alo o 8 N
b r\‘ Jl" @ @ :-".7‘/ a® k .
: o & g [ Seniinn St
s-' vacthity Obwapva oy
4/ Commemer
%) 1 - y
oN }v\ fog o7 T
m Com e ee — Lol [} M
el Selrm e wipme Qe &
-~ Y et Oporwigrs Toaig
ol
D wis , e . e
W e (0\ J o (SRR
{ W Mabemis vy w e R P wie b '-*A' Lrnsoe
i [PRBTPIN Vrarceg 5ire Vst
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Global Space Sector by the Numbers

5300084
ot
Mo
Ohmy

S758¢
U yrade
Inadgony

e

263
orintal
Townchim

25%

s

BConomy

dopondmn “l

00 Mo vﬁ?{"
" y

S WA R T Pl T §

2,000,000 kg

VIR G A s

S804
ety
wvorted
2005 2024

(Fonisnsn

The Space Sector is Dynamic

s TECHNOLOGY BUSINESS POLICY
Smallor, capable satollites Naw antrepraneun anter
produced In volume the Industry
Many countries Investing
Venture capital In domostic space
Reduction In launch cost Investments oconomy as natlonal
stratogic Imporative
Artificlal Intolligence for
Earth Observation data innovative business
modals
Capabllity Competition Opportunity
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Space is a Contested Domain

Moscow Threatens U.S. Satellites

China and US Satoliites Play
Dangorous ‘Cat and Mouse'

Satelite Wartare 15 a Distinct Possibiry

Space Sector is Rocketing Upward

O ial Laencher 7[&&«*

w
e

N e

.- - a. - a - . . e

e ® |t

24878
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SpaceX & New Space Leaders

* SpaceX * Other new space leaders coming
* Driver of innovation & change on strong
o Pow Orign

* Leading launch provider Aemaron Peoject siper
* Top satellite manufacturer & ERPTLE

-
-
o Frefty Asrotpoce
.
.

operator SRBRN,
= Big supplier to NASA/DoD Othens
= Dominant position * Driving space commercialization

growth giobally

Space Odyssey 2020s: A Tale of Two Models

* Exquisite » Standardized

® 5-10+ years development = <2 years development
* Product = Commercial services
= Low volume = High volume

* Cost-plus contracts » Fixed-price contracts

..........
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The New Commercial Space Race

Why Deere thinks satellites are the next
big technology to invest in

Microsoft takes on Amazon in the
data space race with Axure Orbital

Exxon Mobll Partnership to Deploy Satellite
Technology For Global Emissions Mitigation

Lilly heads to space lore
e:nﬁ{mtk:o dmg %

Swiss Re Forms Susegio Partnership with
Satellite Operator for Flood Monitoring

Mwluwml aticn
10 Inclade OUlor SPaCce Mssons o

The New Commercial Space Race

Spy ageney awands historie” contructs
to commercial satellite lirms

SES to Buy Intelsat in $3.1 Billion Bid to
Rival Musk's Starfink

Bocing Explores Sale of Space Business

Space Force wraps initial plan foc building

Pontagon's commercial satellite intornet
services program soars to 13 billion

Lockhoed Mastin ) quisition
of smallsat manufacturer Terran Orbital
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The New Commercial Space Race

Verizon Jumps Into Satellite-to-Cell ATET deal will make every
Market With AST SpaceMobile phone a satellite phone
T-Mobile Takes Coverage Above Lynk Successfully Deploys Twe More
and Beyond With SpaceX Orbital ‘Cell Phone Towers in Space’

Globalstar soars on Apple’s $1.7 billion
satellite investment

Topics
=
* Future Space Opportunities
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Communications & Data
Communication and data l l

services are likely to
continue as the leading
space business sectors in the

near to intermediate term - -

US National Security: Key Space Themes

* Space Domain Awareness
. amic Space Operations
o p v Defining Threat: China
* Proliferated Architectures
* Tactically Responsive Space

* Commercial Engagement & Services

trrmeeean
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Other Sectors & Business Opportunities

= Space science and ® Private space stations
exploration
v = Satellite servicing
= Human spaceflight
. A = Assembly & manufacturing
* Commercial private
= Lunar econom
= Moon goal: US & China ¥

- -
= International competition Energy and mining

Thank You

Stan Shell
© Maarce i ry

® e e~

[P
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C3 - Dawn Aerospace: Next Generation of Suborbital Vehicles — Rodway

7/

DAWN

Next Genaration of Suborbital
Vehicles

or

Accelerating Science:
A Rocket-powered Aircraft as a
Dedicated Vehicle for Frequent
Suborbital Research and
Education Missions

Khaki
Eakhssnru 77

A spacecraft or aircraft that
reaches space but does not orbit
the Earth.

Has a trajectory that takes it to or
just above the Karman line 100
km or 62 miles above sea level,
the recognized boundary of space)
before succumbing to gravity and
falling back to Earth.
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USES OF SUBORBITAL VEHICLES DAWN
€ I w B ®
Space Sciemific Military & Technology Armospheric &
Tourism Research Defense Testing & Earth Science
Applications Development Studies

BENEFITS OF SUBORBITAL VEHICLES

Lower Cost - Suborbital flights are much cheaper than full orbital missions.
Faster Turnaround - Missions can be launched, tested, and repeated quickly,
Less Risk - If something goes wrong, the vehicle doesn't stay stuck in space.

U Targeted Testing - Ideal for experiments that only need a few minutes in space.

EXAMPLES OF SUBORBITAL VEHICLES
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1961
Mercury
Redstone
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2004 SpaceShipOne X-Prize Flights
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2015
New
Shepard

BLGE QWG

05/01/2025
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COMMERCIAL SUBORBITAL VEHICLES IN 2025

Vehicle

Virgin Galactic
SpaceShip One

Virgin Galactic
VSS Unity /
Calactic #

Blue Origin New
Shepard

Dawn Agrospace
MEk-1IA Aurora

Number of Flights Max Altitude

17

12 (above 50 km)

29 + 1 planned

58 + 4 planned

N2 km

89 km

118 km

82,500 ft (25 km)

Period of Activity
2003 - 2004

2018 - 2024

2012 - present

2021 - present

FAMILY OF SUBORBITAL UNCREWED ROCKET AIRCRAFT

05/01/2025




Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles

Final Report - NSF Award ID 2432335

DAWN AEROSPACE IN NUMBERS &,

110

15

Trrusten in spoce
25 Aot wpacecrat
BLLEAE RS

58

M U Fleghas

Sorre vebecie . Oper stonal
Ervronement [TEL 8

47 gt povesr W0 rocket powes

05/01/2025

&

Locations - NI, ML, IR A USA
Crevgitam i N Ve iy sontens

Infrsatructure regured for USA cpestons

17

Bideshare lsunches
O Fafoon 9 M Vega, and Sopnar 2

25+

Cumtowrrwers
North Amerca. Dasope, Ass, & Oceerse

THE MK-1l AURORA

ASUPERSONIC UNCREWED SUBORIITAL ARCRAFT

Core Features
* Rocket-powered suborbital aircraft
+ Hghly reusable - wihin 5 hours
¢ Mesion-dodicated payload bay
o Fully self-contained and resporsive
COMALONS
» Remotely-pilcted

Size
¢ 48m long X 24 mwing bp towing tp
* L00kg MTOW

Performance
* YR 100+ ki
* Upto Mach 35
* 2900 rmy's deaV

Rurvway
+ Rapicly depioyable toffrom any 1000m
ruriway
* Horizontal takeoff and landing
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MK-Il REPRESENTATIVE FLIGHT PATTERN

* Boost-glide to the upper atmosphere and
edge of space,

* 100 km altitude or target specific
atrmospheric layers

* Maintaining specific Mach number or
dynamic pressure profiles

» Specific gravity profdes such as Moon or Mars
gravity

* High-speed and low-altitude passes

Trajectory - Customizable

Maximum altitude - Up to 100 km (330,000 f1)
Maximum speed - Up to Mach 35

Maximum range - 300 km (185 miles)
Microgravity duration - Up 10 35 minutes
Maximum G-Load - 9

100 m Night profile

MK-Il OPERATIONS SCENARIOS /A

Saarn

Flight Operations
» Rapid SpaCe access
+ High fight cadence in fast tmeframe
+ Operational alttudes 20 to 00+ km
+ Mancuverable
+ Downrange capabiity

Payload Operations
* Payload dedicated flights
* Instrument exernal access
« Optcal window in payload bay
* Paylcad deployment possibie (MK-11B)
* No human-tended experiments
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FLYING LAB - TECHNOLOGY DEVELOPMENT PLATFORM &

The M-Il can function as a fying lab, providing
daily access to high speed and high-altitude
environments an enabling rapid maturation of
important technologies such as:
* High supersonic and hypersonic*®
aerodynamics
* Material science and engineering
* AUtONOMOUS systems and A
* Structural health monitoring
« Advanced hardware
« Technology demonstration of:
7 o looungmmum
vacuum,
atmospheric spectrum,
o radio equipment at high altitude and high

velocity,
* Education platform for student-buiit
payloadss,

——

hah s TR

05/01/2025




Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

SUBORBITAL RESEARCH AND A
TECHNOLOGY DEVELOPMENT =

Existing Rocket.-Powered Suborbital Vehicles and Sounding Rocket Payload Opportunities

!
/
'

D WK Aurers

Erice per Mughs $30G.000 | Mghn $1.5 S50% - $2M per Nghe
Mas shtude B0 1500 by e

Avg Might Surwtian 0 Tantes N mincess 25 houns 20 rrirases B
Trnjectory: LI g e T sl . e St atuin M) L trod
Max paytcad mass 3 hg Mrmde 420 g N0 g “50ng 1800 ng
Micregrevity thme 3 rernsnn =3 vt *2 meser 5.1 meutes A

Avg walt thame de flighss - A Aywers » 3 ey =1y

Seeking collaborators with payloads to conduct
research, technology development, and STEM
education flights on Mk-11

Mission Opportunities
= Earth observation
* Low/microgravity experiments
* In-situ atmospheric measurements
* Technology development
= National security
* Customized aerodynamic profite flights
* STEM education
+* Disaster response and recovery

Come fly with us! DAWN
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DAWN

ASRQORPACE

Khaki Rodwary
Spaceplane Sales & Operations
THANK YOU khaki@dawnaerospace com
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C4 - Stellar Exploration: Rocket Testing Operations — Meisberger

STE PRB Hypergolic Test
Site Overview

2/25/25

_ Ryan Meisberger
ryan.meisberger@stellar-exploration.com

SR What We Do

o Develop, build, test, deliver, and load integrated
chemical propulsion systems
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e Where We Began

e Began testing in 2017
e Mobile test

infrastructure
& Pack it in, pock it out

m Where We Are Now

e High-cadence ambient testing
capabilitics

e 14 Centified SCAPE Handlers

e Passive and active propellant
monitonng

e Shipping containers contain
house critical permanent
infrastructure
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gmw Monopropellant Test Capabilities

e Thrust
0.25N-5N
o Capable of testing 24x
thrusters per day

g&w Bipropellant Test Capabilities

e Thrust
SN (440N m dovelopment)
e Capable of testing 8x
thrusters per day
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YSHAY Additional Test Capabilities

e End to End Qualification Unit Hotfire

e Hydrazine Water Hammer Testing for
SLS EUS

e Prototype Monopropellant Catalyst for
JPL

e Disassembly of Hypergolic Loading

e SCAPE Handler Training and
Certification

Questions?
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C5 - Paso Robles Spaceport Vision, Educational Programs, &
Opportunities — Britton, Sloan, & Colvin

Assured
Educational
Access to
Space

© CALPOLY

Future Vision

The Assured Educational Access to Space
program outlines a comprehensive and
innovative approach to foster educational
assured access to space by combining
commaerclal spaceport Infrastructure with an
education-based Integrator and command
and control system creating a true access
for education to build, design, launch
command-and-control {CnC) small satellites
in Low Earth Orbit (LEOQ). The proposed
initiative seeks to democratize space access,
enhance STEM education, and promote
scientific curiosity among students,
educators, and the general public.
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Key
Components

- — ————

+  Spaceport infrastructure: The
Intlative proposes the construction of 3
cutting-edge commarcial

faciity wtibzing horizontal launch
capabiities, massion control centers,
small satelite integraticn faciits, and
research laboratories.

+  Education-Based Integrator: An
advanced education-based

Integrator will be developed to
design and manage educational

SPace misslons,

BENEFITS

Enhanced STEM
Education

Democratizing Space

Sclentific

Access Advancement
The [ducational Assured By offering access 10 space The spaceport’s focus on
ACCass 20 Space imttiative to sducational institution, educational missanm will
will revolutionize STEM the intiative will contribute to stientific
education by providing democsdtire 3pace Mmidsions sdvancement thvoagh the
tudents with umique and allow students from gathering of valuable cata,
opportunities 1o engage dwvenie backgrounds to conducting expeniments,
in space exploration, participate n tpace-related and wudying celmtial
Inspiring the next prejects, imespective of phenemena.
geneation of sclentists, ReOgraphic locatinn or
engineery, and financial constramts
astronauts
= CALPOLY

05/01/2025
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BENEFITS [CONT.)

Public Engagement

The initiative aims to
POOMOte SPACE M MNcE
AWErOness Amonyg the

genersl public by faclitating
educatonal outreach
programa, publc tours, and
interactove exteBily,
festering 3 deeper
Appeeci Mon for space

Fending and
Collaboration

The mplementaton of the
fducational Assured Accom 1o
Space intative roquires
collaberat-on between governmment
DCe agences, edutational
nstitutians, private pace
companien, and philanthrope
organizations. A combeation of
putiic and pvreate fundng wil be

exgiontion SOuE 1o sepport the development
and orgoing opetaticns of the
spacepart and assoOnind
educational programa
= CavPoLy

Conclusion

The Educational Assured Access 1o
Space initiative presents an ambitious
and transformative vision foe
leveraging space exploration to
enhance education

By combining spaceport infrastructure
with an education-centric approach,
the initiative will create a sustainable
medel for inspinng and educating
future generations, driving innovation
and scientific progress in the field of
space exploration

05/01/2025
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EDUCATION: THE “3TRC”
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Spaceport Training and Research Center

University University Vocational K-12 STEM Professional

Students Research Training Education  Development

What’s Next?

* Initial Curriculum Development

* Start an Astronaut Scholars Program

* Align with the GSA Educational Efforts

* Collaborate with The International Space University
* Develop The Engine Test Facility

* |dentify Collaborators

* Seek Seed Funding for the STRC
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PASO PASO
S Bras0es (Pasoromes  TATU
RS

OLOGY PARK i

Economic
Development

PASE BT | CALTRRNI

fconomic Development Strategic Plam:
FUNDING & IMPLEMENTATION
Febrsary 77, 2028 s tnlntnid
Economic Development Action Plan
Key Initintives & Implementation Partners A
s ~N Action Plan*
,J;::“m 1.0 Civic Innovation Initiative
o 2.0 Business Retention & Expansion
an ﬁm f::.h Program
N

- 3.0 Workforce Development
‘ o Partnership Program
CAL Py

4.0 Placemaking & Infrastructure

REACH n u“ ﬁ Program
. S ) Womaonce

5.0 Multifamily Rental Accelerator
Program
C, SBOC | *
Bon ) *75+ Specific Action Items in the
6 (@ eckerd smLJ Action Plan
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~C
ATEONOLOGY PARK
(cosemic Deerlopment Action
s
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~

S TECHNOLOGY PARX

.

PRr=t =gt

Stelar Explor ation gaopmls CohaStar nanasatellite to
valuable slot
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Economic Development Strategic Plan

A Rob

THANKYOUI

- S—
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C6 - MLT Research Case Study — Smith

v JOHNS HOFKINS

MLT-l Research Case Study -
the JHU APL Commercial Suborbital Program

48 Febiruary 2024

NGF Canterence on Atmosghenic Ressarch Uesing Commercial Suberbital Vericies

Overview

* Private companies developing revolutionary suborbital spacecraft with
noved scienlific and enginsernng applications enabled by low cos! and
soft payload retum

* Getting involved eatly to gain expenence and jead this emerging field
Sared working with comganes over 10 yearn 9o
Helping lead Do ressach £ sngneer cormerianiles
Soeie Aopivatons Resesh Growp (Commencal Spacefigit Foderaton)
NSRC Conference (~avery 14 monty
« Goal 10 faciilate low cost. Seralive deveicpment potential
Utize space Sght a5 laboranory
Fly a8 soon and beguenty as posabie: 10 NASA unded mussions (A 2 by ot
SPOnsors |
* Estabish a rogular launch schedule for
Techaclogy and naturres! develprrent
AATAPREALSONOSgheC rosear
Raguiar testing of rterma rosaarch and development Sropecn

= Initial focus - inlegration platform 1o faciltate low cost, rapsd
appications (JANUS)
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Commercial Suborbital Spacecraft...in general

#® Revolutionary suborbital spacecraft - koy attributes for APL
purposos
¢ 1.2 orders of magritude cheaper than cument costs
® Vanved & unmanned, relatavely lange 2ayload cagactty
® Fully reusable with rapad Sum around
® Access 10 ~200 km
¢ Guaranioed safe retum of payioos
® Up 10 3 minstes of micro-gravity

® Large potenial for applications beyond space lourism
@ Dwrect research of the suborbial regon
¢ Technology developrant and Mght 1eatng
® Low cost, Sequent Sight tests -» coal and schodule reducions

Most APL flights have been on Blue Origin and Virgin
Galactic - very different designs

* Blue Origin New Shepard
A Jofl Bozos company ~ enches out of West Texss

Crew Capsule (carnes up % § people) ~ lands via pacachule
& fofro rocket

Progulson Modue lands sutonomously usder pOwer on
landng pas

* Virgin Gatactic Spaceship 2 (VSS Unity)

Started by Richard Branson ~ Launches out of Spacepornt
Acrarica, NM

White Knight 2 arceafl cames spaceshio up 10 ~50 000 A
Spaceshp 2 (6 passengers + 2 picts ) lands on 8 rumwary
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JANUS 2.0: JHU APL Integrated Universal Suborbital

Integration Platform

¢ Purpose
+ Develop universal integration plations (elkminale need 10 develop a new
compiste payload of sach mission)
« Power & Data storage
« Irnirgment control

« Gain rapid expenence with these new spacecrafl

¢ Current JANUS design
+ Low cost, Rerative design
Completely self -contained and portable {<1.5 kg)
Low voltage power supply and processor boards
Power istoriaces. +/-15V, +5V, +3 3V, and isclated +5V

Datn interfoces: cp 10 24 anslog 1032 33Vand 2 5VOPIO, up
159, 3 3V 4nd 2. 5V UARTS, g 108 Rex / 3 T2 RS-252 chasnels
« Hgh mate USS 2.0 interface

» 3D Accelerometars & gyres, thermal & pr SO, Ay 4 GPS

2 Nov, 2016 - Masten Space Systems Xombie aunch vehicle
Low aftiode NASA reduction Bight Sor fral JANUS fighvt

5 Oct, 2016 ~ Bive Ongin New Shepard Spacecraft
Low aitiuds ‘escape tesl profight for ADS Soonsce mission
+ 12 Dec, 2077 - Blue Origin New Shepard Spacecraft
Opatationat Sgnt for ADS Sposact mssion (35 eapermends)
« 18 Jul, 2018 - Blue Origin New Shepard Spacecraft
1% NASA funded exgermment (ngh aSuce sscage tesd) - Env. oha
* 23 Jan, 2019 - Blue Origin New Shopard Spacecralt
29 NASA Lunded asparmment {rominal attude test) - Env char
» 22 Feb, 2019 - Virngin Galacte Spaceship 2
IV NASA unded saparimart - Erv. char

+ 13 Oct, 2020 - 8o Origin New Shopard Spacocraft
4% NASA Lunded axporiment - JANUS 2.1 [magneiometer & GPFSAML)

« 22 May, 2021 - Virgin Galactic Spaceshp 2
9 NASA Lunded expesment - JANUS 2.1 (magnetometer & GPSAINL)

-
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o VWi sealting our fest operstional flighe, NASA
Opporiunites conduciad » low alttude Wisk gt on Now i
b L H
s 08 am eate 11T B Serwion

+ Provided crtical inftisl fight sssssament of the JANUS 1.0
(Rt

+ Vabdsted the preasure and Bermal o ™ Sysieme, b
tdentfied tha need for accel N gy U ades

o Facitstad imgroved design (JANUS 2 0)
o Navs compat ol Seiie

y of sucomes moded b My

. S o e For o
wppeonch W e Lot sCoRes 10 spece

Unexpected cpportunity 1o gein Night heritage for JANUS 2.0

Flight tested the JANUS 2.0 Systems Blue Origin New Shepard olasaett v
“Escape Teat” gt
« FRght hertage undw more axyeme ondions
+ Evtancement over & standand APL tesl program - “extenscn of e
aboraiiry ervieonmert”

1

+ Bxoaflent cpportundly 10 verfly Sight cpecstions procedures ) e
+ Flight teat was extremely successial . |
+ Pight hertage BEFORE comasonal fight e S
+ Koy Bgit cperstion reboarsal -
+ Runcsted minor adustments 15 payiced #nd veried payicad wass mady kr ey cum.
g el Sf ¢ WALy
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o Non-NABA spensor

« Conducted fust ationad M test of JANUS (2.0) system on
the 12 Dec, 2017 Blue Origin Shepard fight
v Tested )wmmummm
o =580 v e
v 1008 gt woe
o Very successful test Sigh
. umzommuwmmmm

. mem
. N

« Based on test results, we executed mincr modifications to
improve the first NASA Flight Opportunities flight |nl

E el

- p— RN Y
\ - o !
B E 1 = 7 —.—T*'—. =
, |
> - S -

4™ Mission: JAN 2.1 (Magnetic Field Experiment

# Crabled by NASA Fight Opportunities Program
* PS Mission of e Origin New Shepard Ngh alitude sscape test Sight -

18 Sy, 2008
* 17 NASA Flight Opportunites funded APL paytosd
# Charactered the slectromags L nnde e apacecrat

® JANUS 2.1 eparated seccossiully
O Anserned £ UL wn we slaruierd gt protee

ECEYNE LM
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nominal profile)

* Funded by NASA Fight Opportunities Program
* P7 Mission of Bius Origin New Shapard nomingd test fight -~ 23

5t Mission: JANUS 2.1 (Magnetic Field Experiment- .
‘,

Jan, 7019
¥ Characlorized Te slectromagnetic emviconment imude e
w af during & fight profie

* JANUS 2.1 spanated weccossiully

® LA priyred Surmg 8 nomens Sope prvtie - Bt magrenc fett reansd

5
!::w—i

* Funded bry NASA Fight Opporturvties Program

* Virgin Galactic Space Ship 2 test fight - 22 Feb. 2019

* Characteritod e o wgnetic emvie irmade e spacecratl
® JANUS 1.1 epersted seccossiully

® Owr vl ctmstwnanon of D\ on Soms Shg 2

Weior tagaet c Seld

{
"
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7% Mission: JANUS 2.1 (GPS iment

¢ Funded by NASA Flight Oppertusites Program

# Bius Origin New Shepard teat fight - 13 October 2020

* Conduct and valdate high y GPS velocky and location cbasrvations
& JANUS 2.1 opersted successiully

@ ¥ Vabiniad P Tyl frwet CIYY prdacra orwar e il sge oo e

——

* Funded by NASA Flight Oppontunities Program
& 200 Might test on the Virgin Galactic Spacesivp 2

® 33 May, 2550 (T3 Ome 2530 o Mgt hewrn, WO

P Artcs s @ rente e

* D P pagined —ren b e
¢ Characteriaed the ole -y Teror iralce the
* Originat Bight was aborted on Febeouary 1% 2001

€ Our payond muned Grdomrd Tw IDRcecrot Jwaltng De et Sont
& Rafight on 22 May, 2001 (12 Des 20291 mt Spacepart Amarica, NM

O Hotvw rwlt i rimto o

@ b varime Va payhad b hovaget (A St aven vy
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* JANUS 2.1 (+ magnetooneter & GPSIMU)
* Naxt Bue Origin New Shepard lunch

¢ Testing abiity to conduct total slectron content (TEC) chasrvations
using dual requency GNIS cbesrvations from a camemercial suborbital
Nght vehucie

¢ JANUS 2.1

* Vertically Aligred Carbon Nanotubes (VACNT) Fight Technology
Demonsiration for radiometers

¢ Extremely sMicient absorbing material (biackes! material custently
L

¢ JANUS 2,10
¢ Graphene foin Fight Teconalogy Demonstraton

* Very sirong siructures - option 10 grestly inmprove particle detection
eMiciencies wiile decreasing rmans

APL will soon fly externally (NASA FO funded also

® JANUS 30
® 14l erimrra srv et e ievs (Bae Ovigen New Shepar @ lmanih)
O W ershie T b mers eepar o~d o
Somamsighan
* Locsten on g of e Progatves Wodse

® JANUS ).0a
® Appiping Lavpe Chppe bon boningy
 Punva bratrummed fne Magrate Bewrwivng (PIWE)
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' JOHNS HOPKINS

¢ Pro d to accommodats ALL NASA

Oppartunitios supported commencial vehicies and
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om Bikue Origin and Virgin Galactic payload fights
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Summary, next steps and future strategy

» Current APL program has been successiul
e ned 1o Ve vahcikes 8 By Decome svaldable
reatng «fect A0S WIT Cararat Ol $10viders
% and 10 Lurded missiors mare APL Pl's staring © progoss

Progiam ex

* JANUS interface system

Low cont AD Right taaling

* Leoveraging curmrent successes 1o expand current commercial vehicke applications

NI commertal Suborbtal phasorra vaticies
P’
.

JOHNS HOPKINS

APPLIED PHYSICS LABORATORY




Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

C7 - Engaging Students in Space Technology Research — DeTurris

ENGAGING STUDENTS IN ROCKET
TECHNOLDGY RESEARCH

Dr. Manne ) DeTurrs
Professor, Aerospace [ngineering

February 27, 2025
NSF Acronomy Researchers Conference

© CALPOLY

ROCKET TECHNOLOGY PROJECTS IN AEROSPACE
ENGINEERING

Acrospace Propulsion Curriculum
Nozzie Testing in Supersenic Wind Tunnel
Liquid, Mybeid, and Solid Rocket Ground Test

Undergraduate Student Rocket Projects
Hybrid and Liquid Rocket Test Stand Development
Solid, Hybrid, and Uiguid Rocket Ground and Flight Test

- Hybrid Rocket Experiment
Graduate Student Rescarch

30 Printed Rocket Design %‘

Air Augmented Rocket Engine

Mybrid Rocket Scaling Parameters - S
pomarm—n

= Cavrowy
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SOLID, RHYBRID, AND LIQUIB ROCKET
REQUIRED LAB COURSE EXPERIMENTS

Aerospace Propulsion Curriculum
Low Thrust, Low Energy Experiments
* Static fire solid motor (A-G) to measure

A,

Thrust 0, %,
o ;.,' o
Propellant flow rate oy, %
* Static fire hybrid motor to measure
Thrust
Propellant flow rate

Combustion instability
« Static fire liquid rocket engine to measure
Thrust
Propellant flow rate
Plume characteristics

5 CavPowy

UNDERGRADUATE STUDENT ROCKET PROJECTS

University Rocketry Competitions

* Tripoli Rocketry Association Certification
* Build One and Two Stage Rockets
o Carbon fiber and fiberglas structure
o Test Rocket Recovery Before Flight
* Commercial Solid Motors Upto M

F—_—: — e a—— —
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HYBRID ROCKET TESTS

Undergradunte Student
Projects

* Nitrous Oxide and HTPS (tire rubber)
* Ground Test 100-500 lbs thrust

* Student designed and built
combustion chamber and nozzle

* Student built test equipment
* Lots of safety documents

= CavPowy
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STUBENT BUILT TEST EQUIPMENT

FLIGHT TESTING HYBRID ROCKETS

Nitrous Oxide and HTPB

« After Successful Ground Test, Flight Vehicle was
Designed

o Student mixed HTPB propellant grain
o Student designed combustor and nozzie
o Student built rocket

* Fly at Friends of Amateur Rocketry in Mojave
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GROUND TESTING LIOUID ROCKETS

Developed test stands {or 10 [bs and 500 ibs thrusy

* Ethanol and oxygen liquid rocket engine

* Instrumentation for thrust, mass flows,
pressures and temperatures

* Create knowledge transfer structure

COLLEGIATE PROPULSIVE LANDER CHALLENGE

Awarding Five Different Prizes to Unlversity Rocketry Teams

* Thrust Vector Control
S00 Ibs thrust, 10 seconds, vector of at least 7 degrees i all directions
* Throttheable Hotfien

500 1bs thrust for 4 seconds, throttie bo 40% of that nominal thrust, held
for 2 secends, return to nominal thrust

* The Bess Touchdown Award

Successbul landeg from height of 10 meters, with 2 paylosd
* Tethered Hover

Controlied Mover for 10 secands with 30 Ibs paylead
* Hop

Controllably ascend vehicle to 50 m abave ground, then demonstrate
successtul landing within 10 m diameter circle

& Cav POy
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COLLEGIATE PROPULSIVE LANDER CHALLENGE

Cal Poly Has Completed Two of the Flve
Challenges

* Thrust Vector Control
SO0 Ibs thrust, 10 seconds, vector of at least 7 degrees in all Girections
* Throttieable Hotfire

500 Iy thrust for 4 seconds, throttie to 40% of that nominal thrust, held
for 2 secends, return to nomisal thrust

* The Bess Touchdown Award

Successtul landeg from height of 10 meters, with 2 paylosd
* Tethered Hover

Controlied Mover for 10 secands with 30 Ibs paylead
* Hop

Controllably ascend vehicle to 50 m above ground, then demonsirate
successtul landing within 10 m diameter circle

B3 CaL Pory

~

PROPULSIVE LANDER CHALLENGE TEST UP

Isopropyl Alcohol and Nitrous
Oxide Liquid Rocket Engine

* Feed system sized for 1000
tbs thrust

* Hot fire duration sized for
20 seconds

* Unlike doublet impinging
injectors

* Ablative phenolic
combustor and nozzte

* Custom control system
includes real time
monitoring of pressure,
temperature, and thrust

B3 CaL Pory

~
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ENGINE SYSTEM DIAGRAM
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Fall 2023

THRUST VECTOR CONTROL

+ 500 |bs thrust
« 10 seconds

* vector of at least 7 degrees
in all directions
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Presents:

S CAL POLY

THROTTLEABLE HOTFIRE

* 500 Ibs thrust for | 100% throttle
4 sec ’ — "‘\ ﬁ

* throttie to 40%
of that nominal rJ
thrust l

* hold for 2 sec
* return to
nominal thrust \
5% throttle

S CAL POLY
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PLUME CRARACTERISTICS AT VARYING THROTTLE

Ful Throttie

Presents:

S CAL POLY
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COLLEGIATE PROPULSIVE LANDER CHALLENGE

Up Next Is the Hop Challenge

* Thrust Vector Control
S00 Ibs thrust, 10 seconds, vector of at least 7 degrees i all directions
* Throttieable Hotfice

500 Ibs thrust for 4 seconds, throttie to 40% of that nominal thrust, held
for 2 secends, return to nomisal thrust

* The Bess Touthdown Award
Successtul landemg from height of 10 meters, with 2 paylosd
* Tethered Hover
Controlled Mover for 10 secands with 30 |bs paylead
* Hop
Controllably ascend vehicle to 50 m abave grownd, then demonstrate
successtul landing within 10 m diameter circle

5 CavPowy
O

FUTURE STATIC FIRE TESTING

Rockets Producing More Than 500 [bs Thrust
* Create a large test stand for liquid rocket testing

o Different engine configurations

o Different materiats

(]
o Different manufacturing techniques
o Different control configurations

+ Create a large test stand for hybrid rocket testing

* Develop infrastructure for cryogenic propellants

05/01/2025 102
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C8 - Space IOT Research Case Study — Derickson

Wireless Communication using LoRa modulation and the Cluster Duck Protocol;
Ground-to-Space links in the License-Free 915 MHz ISM Frequency Band

Dennis Derickson ddericks@calpoly.edu

Steve Dunton sdunton@calpoly.edu

Cameron Mcclure-Coleman (cjmcclur@calpoly.edu)
Jack Ryan jrvan39@calpoly.edy

Kevin Nottberg knottber@calpoly.edu

Sammy Brunton sbrunton@calpoly.edu

Bryan Knouse bryan@owlintegrations.com

Presentation Outline

* What is the LoRa Wireless technology created by SEMTEC Inc?
* Partnership between OWL Integrations and Cal Poly

* Application to Today’s Conference
* Cal Poly Developed LoRa/CDP Hardware and Software
* Cube Sat with LoRa Link Project
* Cal Poly Space Systems LoRa Link Project
* Cal Poly/Lacuna Space LoRa Link Project

* Summary and Conclusions
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>

LoRa Receiver Sansithaty at -135 dBm. LoRa TX power at 20 dBm. 700 km LEO Link to 700 km {145 dB path loss)

Link Loss capability of 150 dB with Low gain antennas 70 b Mesosphere Link 1o (128 dB path loss)
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Start-up Technology Company Focused on Making Connections EZ®L*)','/|®

F CAL POLY/OWL HARDWARE/SOFTWARE CREATIONS
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.10 Mlle;i.ln_e-claf-SigHt Path'LoRa/CDP Link Test
From 101 Cuesta Pass to Edge of Morro Bay

4

Link Conclusion from Lora/CDP Link Field Testing:

1. Mesosphere Links can be completed with Low-Gain Antennas for
Both ground station and space vehicle antennas.

2. Low Earth Orbit Links will need High Gain antennas to complete the link.
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* Sub-orbital Mission into the
Mesophare in 202X, Dewelop

a Sensor Payload for targeted
Hesearch

* Usa Lofa for the communications
Link

*  Neeod to develop partnarships.

We will have a ground
Station here receiving the
LoRa data from the sensor
Suite, hitpa:/isciod ucht adunarming-roomistmosphemimaesosphare

Ducks in Space:
Cal Poly"s “Learn By Doing”
Approach to Mature

“Duck” Radios for Future
Space Flight & Possible

CALPOLY 4 OWL AF X
waww.calpoly edu W propect-owl com afwencoom
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Bottom Line Up Front (BLUF)

OWL Integrations

* OWL makes low-cost, low data rate, long range
(LoRa) radios for terrestrial, airborne and (soon)
spaceborne applications

* OWL radios (called “Ducks”) also have low SWAP
* Size, Weight and Power

* OWL's Duck radios may provide a convenient
communications module for platforms studying
the mesosphere

* Cal Poly has a multi-year collaboration with start-up ((.'.)) OWL
n

Cal Poly Custom Electronics
Ard Sensor Designs!
California & CALPOLY
wnk +  Cal Poly Is & 2opranked public unwersty in San Lus
MU"M . mww-.mﬂ-m
5 bamber of Teotoas Wiy whare SSONDs 2090 KnOwedgo and skily through

cive engagement n resasch and development

LEARN BY DOING 15 DIFFERENT | provecs srpecss

c Ll Py cn oreeted T Cutandd saleiie varviand
o Dur sndent el spece program "PolySe” has been
acetenng wrce 2008
W priortae oacheng and useo 1search 1) SUpeon

Research Institute in Need of Partners (Funding)
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Cal Poly Partners with Startup “OwWA™
10 Win $1M+ Research Grant

o (—
et
wrwmn -

* 30+ undergraduate and
groduste students

* 18 pald summer interns

* S masters thesis projects

* Muitiple senior projects

« 4 faculty (AERQO, CSC, EE)

2024 Progress Resulted in Duck Radio Payload
Now Baselined for 2025 Cubesat Launch on SAL-E

05/01/2025 109
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SpaceDudchs 4.0 Team ~ Balloon Lau
«And Space Ducks 4.5 - Airplane Lau

et B

Connecting...Partnering...Empowering...Securing Funding
We're Going into Space...Working Together

* Cal Poly has a multi-year collaboration with start-up ((’.')) OWL
OWL Integrations

* OWL makes low-cost, low data rate, long range
(LoRa) radios for terrestrial, airborne and (soon)
spaceborne applications

* OWL radios (called “Ducks”) also have low SWAP
* Size, Weight and Power

* OWLU's Duck radios may provide a convenient
communications module for platforms studying the
mesosphere

"

We can design custom electronics
and sensors for your needs too!
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Cal Poly Space Systems (CPSS);

Custom LoRa-based Sensor Suite
Projects

Club Biography

¢ Cub Is in existence since 1583

¢ Currontly has 70 membership
(many different mayors)

*  Meets twice weekly, Always
Design, Buiding, Testing and Learning

¢ Initially the ol wins formed i
2 group in the 19570s working on a
¥ NASA Getaway Special™ with
the Space-Shuttle Program.

Key Coms Module using LoRa Link:
Telemetry and Operations Manager (TOM)

* General-purpose flight computer for
wide variety of future CPSS missions

* Will be running on both CPSS projects
launching this year
* Main objectives/advantages:
* Easy implementation
* Cost-effectiveness
* Modularity

TOM Actwork Fall 2024
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Block Diagram of the Sensor Suite:
Telemetry and Operations Manager (TOM) Electronics

LR

bog Aot

!N\N

1

. o
.._‘ ' . ' i

Features:
Telemetry and Operations Manager (TOM) Electronics

* On-board sensors: -
* u-blox Neo-MB GPS . -
* 3 BMP390 baromaetric altimeters - .
* 3 BMI323 IMU's -
+ Telernetry broadcasted 1o ground station using - - . -
Wio-e5 LoRa module
« Embedded SemTech SX1262 LoRa ! |
trarsceiver and STM32WLESIC
* STM32F7 microcontrolier for other cantrol - {:_—I -
system/mission-specific needs -

05/01/2025 112




Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

Future work (1wl

Board)

Let’s collaborate on future Projects...

* TOM will support avionics needs of future CPSS

projects while allowing for further research and

development
+ 2024-2025:
* Refine hardware and software packages on
TOM to allow copy-and-paste sclution
* Work with OWL integrations to implement
Cluster Duck Protocol in LoRa packets
* 2025-2026:
* Develop TOM 2.0 with higher altitude
capabiities for support of mesosphere
research

Fig. X: First assembled version of TOM

CPSS Club Time-Lines and Milestones

24-25 Fall 25 and beyond
z !
* Student-run club at Cal Poly San Luis Obispo | | Future topics include:
with focus on high-powered rocketry * Flights to characterize the performance
* Main projects of 2025: of Electronics and Sensors

* Two-stage solid motor rocket for
Friends of Amateur Rocketry [FAR)
competition

* Experimentsl sirbrakes rocket

* Liguid engine testing for use in future
projects

* Develop Collaboration Partnerships
* Professional Society Competitions

What projects might we able to collaborate
With you on?

05/01/2025
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Lacuna Space/Cal Poly LoRa Low Earth Orbit

Project
22 OPERATIONAL CONCEPTS
Currentdy
Deployed e e Lacuna Space gathers sensor data
LORA-anabled @ ot Ot modgrond on each pass from around the
Satellites! Workd and then makes #t availabie
/:, On the web for users
«/”‘M Pt b
we e yy—
Cal Poly s adding its e N
Custom Sensor -

A Pt . 0 v 3 474

- vt S v SN s 1475 | o Sy R o ——
/ Pt B Sty ) ——— g -

/ e i e e R

Lacuna Space/Cal Poly LoRa Low Earth Orbit Project

A e P -

Lacuna Space LoRa ground station module Mary different kinds of sensor can be wsed to ink
Moded 300915 (915 MMz for North America) To the Lacuna Space Lofa Uink based satelite system
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Summary

1. LoRa/CDP 915 MHz-Communication Links are Versatile, License-Free
and capable of Mesosphere and LEO paths.

2. Cal Poly / OWL Integrations partnership has developed new custom
LoRa/CDP Link hardware/software and associated expertise.

3. Would like to leverage Cal Poly/OWL integration solutions to solve
Space-Based Communication Applications - HOW CAN WE HELP?

CALPOLY B3 ) OWL
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C9 - Local Community STEM Showcase & Interest — Johnston, Acevedo,
Dart, & Williams
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C10 - From the Ground Up to Middle Out: Drones & Balloons for Assistive
Suborbital Observations —Jacob

Converging Interests
Rockets Drones Balloons Weather
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The Problem: In-Situ Data Gap in PBL

Al Observatorn

1000 om
00 am
10 m
Nowr -Surface
1 om -l Otservations
Data Gap
01km
]
Okm . . '
. - i
s WY
v Tl
PBL Oteervations. ' e e |
' : R ‘o
-
FISE v
S
Adapted from Shawn Murdoek (2024 UAS 4

Origins: Mars Aircraft »ass
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Mars Aircraft High Altitude Tests

CLOUD-MAP
Collaboration Leading ks
Operation UAS 6
Development for A
Meteorology and
Atmospheric Physics %

Small Unmanned Aircraft Nebiaska
for Atmospheric Boundary —_—
Layer Research UK

KENTLOKY

05/01/2025 119



Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

AAM Needs and Benefits :—_’_52)

wWindaAp

Needs o Benefits in / \
AAM for g
Providing
Enhanced
Weather Weather
Information Observations

D))

Windvaap

Rural Urban Rural
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WINDMAP Strategy =9))

In Situ Observations Models

wWindAp
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Infrasound

Sthsors
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Ground Inflation

Grand Slam

. et 4 T B 5 e [ Bl

Surveillance Missions - Targeted

B T
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Meteoglider
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Balloonborne Pseudo-Lagrangian Drifter Probes

view from southwest view from above

B v “w o v e rveels

N W TR I IN NN e e

hetpn / fournain W) jou e/ A Barre-2- 170004 LamiNat_bodyvpdt
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Foundations in 2012

Rocket Launched UAS

Ax Firs

Nose Cone

Upper ELT Main Parachute

Lower ELT Motor

Folding
Taul

Swing Wing
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Rocket Launched UAS
Non-folding
* Autonomous unpowered
glider \ —
* Fits in 4" body tube Integrated Nose
* 3D printed nose with carbon MAGPIE wing deployment

.\ i _

Prototy sn
Rocket Launched UAS

Folding Flat Plate Wings

* Rocket Launched to 40,000 f

* L/D 5-10 allows glide distances from
40 to 80 miles from deployment

* Smaller systems for swarming
deployment (e.g., NRL Cicada)

T ey

05/01/2025 127



Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

Launch Tests 2022

ROENHeE

Ground Up and Middle Out Strategy
In Situ Observations Romene
Rockets
Radiosonde
Novel & Glider
Autonomous Systems Sondes +_‘
.-

Existing Sut Evolving

+—0

o -

S
PR ——

t

!

'

: Capabilities
1

1

i 1 2 Nascent Capabilities
1

! -~

- el v TR T Towers &

: yap 5 ‘ Lidars
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Future Plans: Putting It All Together in a Rockoon

Balloon borne rocket with UAS glider with return to surface
for observations from Karmen line on down.

-1

NASA Advocate: David Zahn, ARC/OKC

B OSIDA Droneeport

Location: Burns Flat, OK

Unique testing location with extensive
runway for aircraft and rocketry
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Filling Gaps for the Emerging Industry

TECHNOLOGY READINESS LEVEL (TRL)

z
H
o
g
8
:
b
3
§
3

M AARCH

N

QAIRE can span the valioy of death and

ansure critical technoiogins survive the

traessition from Basec resesrch through
commercialization

Okt

LAHOMA
AEROSPACE INS

FOR RESTARCH AND [OUCATION

Filling Gaps for the Established Industry

provide support to the established industry without seeking

OWRE can Nl crtical gaps in the aecospace supply chanm and
imnediate profitabdity
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Structure of the Earth’s Atmosphere

Atmaspheric Boundary Layer (ABL)
Planetary Boundary Layer (PBL)

e, vy
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Airspace regulation
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Observing System Simulation Experiments (OSSEs)

Using OSSEs we are able to determine the impact that a 3D Mesonet could have on numerical weather
forecasts. The OSSEs will also help guide our decisions regarding how marny stations are needed, how high
the UAVs should fly, how often we fights are needed, the vertical resclution needed, how accurate the
measurements need to be, and

Frame from the Nature Run to be
used for 3D Mesonet OSSE

Real-time Weather & Airspace Visualization
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C11 - Polysat Program — Bleakley

CAL POLY CUBESAT

LAB

February 28, 2025

B

CUBESAT

WHO WE ARE

*  Multidisciplinary, student run, small satellite
research and development lab

*  Responsible for over 12 satellites produced in
24 years

* Jumpstarted a $200+ million industry
*  Partnered with NASA, JPL, Northrup Grumman,

the Planetary Society, the National Science
Foundation, and more!
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THE CUBESAT

+  1Usize: 10cm x 10cm x 10cm

* Developed by Dr. Puig-Suari of Cal Poly and Dr.
Twiggs of Stanford in 1999

* First launched in 2003
* Cal Poly's first CubeSat launched in 2006

* Firstinterplanetary CubeSat launched in 2018
*  MarCO (Mars Cube One)
* Integrated at Cal Poly

THE CAL POLY CUBESAT LAB

+ Started in 1999, alongside the inception of the CubeSat design

* 70 students across many colleges within Cal Poly

*  Current missions:
* SAL-E (Streamlined Assembly Learning Experiment)
* AMDROHP (Additively Manufactured Deployable Radiator
with Oscillating Heat Pipes)
*  GENESys (Green Energy Nanosatellite Engine System)
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SPACEPORT APPLICATIONS

* Evaluate Performance
* Dragsail deployment mechanisms

*  Obtain Data
* Increase TRL

* Refine Experiments
* Implement lessons learned to enhance future prototypes
and mission success

*  Prowvide Opportunities
*  Hands-on research and development experience for
students

TESTING APPLICATIONS

* IPEX Balloon Test (2012)
*  QOwver 100,000t altitude

* Balloon tests can be unreliable and not as expansive as
launches from spaceports

* Suborbital advantages:
« Affordable
* Recover the CubeSat
* Controlled testing environment
* Fast turnaround time
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WORKFORCE CONTRIBUTIONS

* Student Engagement and Internships

* Partnerships with Industry

* Hands-On Leaming Opportunities

*  Workforce Pipeline Development

*  Supporting the Growth of the Space Industry

* Enhancing Diversity and Inclusion

CUBESAT DEVELOPERS WORKSHOP

+ Annual CubeSat Conference held at Cal Poly . MLLENN'U

*  April 22-24, 2025

)§@

*  Unites industry experts, researchers, and students to drive
innovation in small satellite technology

* Synergy between local spaceports, industry, and educational
institutions
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FIND OUT MORE!

)

CUBESAT
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C12 - Paso Robles Air and Spaceport Licensing Update — Scandalis

Paso Robles Air and Spaceport
License Update

.

Mark Scandalis

ANrport Manager
Chy of Paso Robles

U.S. SPACEPORTS AND LAUNCH/REENTRY SITES*

.
Py — +« 14 Pubic FAA iconsed
Y r—— — >
+ 3 Federol ranges
* 3 Privale e
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Council Action: August 3, 2021

g Spaceport in Pano Roblen? City wants 8o turn ity
Authorzahon o start lrport Into horizontal launch faciity

Precppication for Spaceport s
Ucerse

Mayor Sieve Martin

Council Action: February 28, 2022

Paso Robles
Spaceport

Preiminary Technical
Review by Tortagla Pretimnary Technical Review
Engineering ond 5.0
Witt and Associctes LLC R
Varugs bogranmy
(1] -n:n-—.wt
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Preliminary Technical Review

Council Action: June 7, 2022

)
J

Authorzation to work with TARTAGLIA /e
fortogha Engineenng and ENG[NEERING

begn technicol aspects
of Part 420 License
Application
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Council Action: August 16, 2022

. -
Authorization 1o Work with Co ’ _:‘ J ' y &
Poly 1o begin Part 420 License SR 4 ) 3 9
‘ . * ' . I
A
‘v

= CALPotY
¥/ °

Apphcahon

R

*  Moster Plan/ALP
* Expiosive Site Plan
«  Agreemonts with : :
Local Agencies —r * Processes and
: ' ) % Procedcures for
Spoceport Operations

* Lounch S3e Location
Review ond Hoeord
Anclyss

Ernvironmendal
Anclyss
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Explosive Site Plan

Spocecraft Fueling and
Launch Site
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Explosive Site Plan

Static Engine Tesling

Processes and Procedures for
Spaceport Operations

Records Manogament Pian P Rabbes Alr sut Spice Poet
Public Access Control Pion Spacepert Recoeds Manazrment Plas
Ground Operations Safety Plon

Mshap and Emergency Plan

Scheduing aond Notiicaions Pian

Site Famiarization and Safety Training

Spoceport Users Guide
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Council Action: April 2, 2024

Authorzation Accept FAA
Grant o Updale Master

-
Plan to Include Spoceport! -
concep! (0% FAA Grant) mn
Recnminabtac

-, :&

)

Airport Consultants

To Do

» Lounch Sife Location Review and Hazord Anclysis
» Environmenial Assassment
» Agreements with Local Agencies

Coast Guard

FAA Al Tratfic

Cornp Roberts

Fort Hunter Liggett

Othors
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Thank You
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C13 - Understanding Spaceport, Vehicle, and Payload Licensing —
Kiernan

-

Integrated Launch Solutions

Understanding Licensing

CalPoly Conference on Atmospheric Research Using
Commercial Suborbital Vehicles

28 FEBRUARY 2025

Company Overview 941

* Woman Owned Small Business founded in 2010

* Headquartered in Merritt Island, Florida

* Team member experience spans
- 18 launch vehicle programs
= 3 reentry vehicle programs
- 10 spaceportsfranges

+ Capabilities and Services
- Systems Engineering (Commercial, NASA, DoD)
- Regulatory Comphiance and Licensing (FAA, FCC, NOAA, EPA)
- Range/Spaceport Safety and Integration (CCSFS, VSFB, WEF, NMSA, AAC, MASP...)
- SV/LV Operations and Integration
- Infrastructure and Fadilities (ULA, Blue Origin)

Sharing the lessons we've learned to save you time, money, and aggravation,
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Operating Model

CUSTOMER SUPPORT

. CUSTOMER SUPPORT

:16 -

Reguiatory Compliance / Licensing

Federal Aviation Administration (FAA)
= Part 101 Certificate of Approval or Wakver
. ¥aos
* Batoons [Mocred, Free]
o Amateur Rockets {3 Ossses)
- Part 414 Safety Elemont Approval
o HW/SW woltons (e g, Fight Safety System)
* Services (e.g, Comm and Telemetry, Recovery)
= Part 420 Spaceport Operator License
* Vet
. Jorgonta
~ Part 450 Launch/Reentry Vehicle Ucence
¢ Suborbital/Orbtal Dxpendabie Launch Vehicles
* Subordita/Ortial Reviable Launch Vehic'es
* Reemry Vehiclos

Federal Communications Commission (FCC) [spectrum)

National Occanic and Atmospheric Administration (NOAA) [imaging)
Environmental Protection Agency (EPA)
State/County specific

Lecssssnssssassvsansbassand
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Spaceports (Part 420) S15%

FAA responsible for International Policy, Public Safety, Environmental
Stewardship

Site Ownership, Integration & Safety

- Spaceport User Guidelines & Requirements
- Explosive Site

- Lightning Protection

- Hazard Analysis

- Ground Safety

- Flight Safety

- Public Access Control

- Scheduling and Notification

- Records Management

= Mishap and Emergency Response Plan

~ Site Familiarization and Safety

Environmental Review
* Agreements

Certificate of Waiver (Part 101 qlg?

herpse/ fweww.ectrgov/current/tiie-14/chaptee-Ifsubchaptor-F/pan-101

*  Class 3—-Advanced Migh-Power Rocket
= Uwvnanned, saborbital
« Mot o mesces Aaving & combined tetal impaiie of 559600 Newton teconds (200,000 pound -wecondt) o ket
= Canrt reach an attude preater Dian 150 Liometers (332 statute mies) above the Ewth's suface

* Koy Ocliverabies (NLY 45 duys)
- [AAfoim TZ11-2
Tatimated mumber of rockety,
Tyes o gropauen 1Qae or solas) Sowin] and uaawris)
enrgt o oF B0 i Parli) Parned 59 be waad, IO rg eny 8000 #atharmix]
Dencrigticn of fecowiry nites,
WPt ahzude, dhove Grownd ewl, erpedted 15 be teached,
Loanih Mre Wt tude, Mag bude, 83 i viaon, and
Ay pidTened salety provebven TRt wit be Soloaed
W ot poun i range,
Tha Spnamvic satiity char sctaraticn for e antr Sighe pocdie,
A U aTan of 81 magir SOTh 0T ST, NCLAT G VNI B, e aTt, SOl IAL, DU G, MNTAA, $U1rIN, SO, Tecivwy,
AL wa g g g eated and Urieg
A deror grion of 9EMe 1ugeort eqUamant sacruaty Sor 8 el speriton,
The Parred O e otis a0d Mdnance of ety
AT Al Bt M, NS A NI S Dy S Gt Lo M M0 St Bed Nt e bin, WA Dhine W andar f Beviatines o e

e poart,

Lanch Commt (rtens
Lt Somm 4o i wdaren, ard
Vadap priiedvrn
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Launch/Reantry Vehicle Operator License (Part 4501 1S

Btps /S wwweeele gov/fiuteent/ttie- 18 fchaptor-I/1sbehaptee-C/part-450

Moass o Campranie Sahety Review
To0ds Masatnmest Wor gt * Dyvtes Latety Progras
* Todo Maeswment for Ground * Huncmond Mazaes A
Fighe Satety Aradyan Mathodolog e . Med Conuci ey
gy atab e T Satety Tates o g A
v Lghtairg Pretecton *  Iight Maxad Acadnn
" Wed Weghteg
Py Review P Gestanment
Comgary Overvon/Owsanivs o g tatety Al
Progrim Overyow Norma Dight Trajectory Asaiyva

s 3 Overvew
Fighe Pridie Overvew

AMESACTON 1108 Traectony Ana'yin
Pooy o vin Ly gimaie Aar\asy
Prodabdty of falure Ardnnn

1aghe Mazsod Area Aradun
Dolrs Rak ainn

14 fab) ovrrpeomsare st advwi

Towen for fight snsinn

Invesamantal Bavira

S WA R ahation [of ste wah ssitng TA)
Crvrenmantal Rosevsn ot [TA) [NALe 14 Satvre of
ogeratima]

* Evirgremental Inpack Ratement {T4) lpwenteis] o Comgutng tems
o Sty Conigel e O
Prond Revirw . MgNyRelatierss
v Ureeicpe pavioed typm/anach *  Operstiors (Agreemerny, Proceduens, Readinma, Comm, Tracking,
Prodasies o0 revewy )
Povord spatfe revew o Coltwon Avedarce
" Mhap and mergency Massing
. "
Crnrd Sility

Payload Review S15%

*Generally included in the LV licensing review; however issues still opply to
manufacturing, testing, ground ops

* Ownership/Operation
* Captive Carry vs Release

* Hazard Analysis (people and other payloads)
- Batteries
- Pressure Vessels
- Ordnance
- Commodities
- lonizing or Non-ionizing Radiation {(Emitters)
- Toxics
- Radionuclides

* Procedures for Hazardous Operations
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License Approval Sehedule/Cost Drivers g1’

* Maturity, availability, and level of fidelity of the launch vehicle design and
test data.

Certification of the Autonomous Flight Safety and Navigation Systems to
RCC 319/324,

Flight Safety Analysis Methodologies require deep dive into model source
data and algorithms, 6-DoF trajectory model, materials/debris, risk analysis
software (third party), and benchmarking datafinformation. [critical path)

* Approval of Flight Safety Analysis Methods and satisfaction of risk criteria
(e.g., population overflight, debris risk, hazard area control, expected
casualty) [critical path)

FAA-AST resources and review timelines (extremely backed up ~ “the
queue”).

FAA-AST evolving expectations and checklists (each vehicle/mission/flight
profile has a learning curve).

Paso Robles Air and Space Port g1’

* Licensing
—FlhnsBrokeducas
- Flight corridor and launch ared analysis (' SO “ : BLE
= Environmental Review 14 e-‘ o WS

+ Spaceport/Customer Integration
- ConOps/Requirements Review
- Safety Review

-~

* Mazard Analyses S
* Process/Procedure Reviews t. "
- Licensing / Approval Guidance & Support b ?‘
..

* Infrastructure
- Capabilities and services
- Facility layout
- Operability

* Community Outreach / Communication
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Contact Information S15%

Integrated Launch Solutions, Inc.
350 Tangerine Ave. STES
Merrittisland, FL 32953

v isCorporation.com
Cheree Kiernan
cheree kicrnan@ilscorporation.com

(0} 321-877-2206
(m) 321-830-2481
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C14 - Bridging the Gap: Collaboration Between Industry, Academia, &
Government for Spaceport Operations — Kiernan, Meyer, Sanchez,
Crocket, Mierau

Bridging the Gap: Collaboration Between

Industry, Academia, and Government for

Spaceport Operations

Panel Members

Bob Crockett
A ¥ Engineering a1 Cal Poly

and Outreact

Mibe Moetay

Presver Valley Bani

05/01/2025 155




Conference on Advancing MLT Atmospheric Studies through Commercial Suborbital Vehicles
Final Report - NSF Award ID 2432335

Industry Challenges/Gaps

Purpose /Utilization - If you Baild it, Will They Come?

Funding ~ What Comes Firmt, the Chicken or the Egg?

¢ Spaceport Ecosystem ~ It Takes a Village

Waorkforce /Edacation -« Can We Create asd Keep Skilled Resources Here

Employment Training Panel
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Essential ETP

ETP is a business and labor supported State
agency that uses a pay-for-performance
contract to reimburse the costs for employer-
customized job skills training.

The Panel works because employers define the
occupations to be trained, training topics, delivery

methods and training providers,

ETP will award $95M in contracting capacity for
FY24/25.

e WIWW ETP.CA GOV
ETP Contract Models

Single Employer ($600,000 cap for FY2024/25)
ETP eligible employer trains employees in
employer-customized job skills training.

Multiple Employer Contractor (MEC) ($850,000)
ETP contractor aggregates training needs to train
and place job seekers and/or upskill workers.

* Group of Employers (Trade Association, Chamber of
Commerce, Economic Development Corporation)

» Training Agency (University Foundations, K-16)

* Workforce Development Board, WIOA Grant
Administrators

e WWW.ETP.CA.GOV
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Job Creation, Equity and Impact

Priority Industries and Small Business
-Grow businesses, create new jobs, and retain jobs
-Align training programs to fit job needs

Climate and Environmental Strategy
-RESPOND to natural disasters, Forestry Workforce,
-Agriculture Technology and Workforce
-Support zero-emission vehicle technology

Aligned State / Federal Grants
-CASCADE (OLUCI), CHIPS Act, DOD Supply Chain

Equity
-Focus on underrepresented workers and job seekers
-Support economically disadvantaged communities

e rr WWW ETP.CA.GOV

Wider Investment Lens

California Jobs First
-Leveraging the Uplift Central Coast regional plan
California Workforce Development Board

-High Road Training Partnerships
-Workforce Accelerator Fund

Department of Industrial Relations /
Division of Apprenticeship Standards
-Apprenticeship Innovation Funding

Federal Investment for Defense and Energy Sectors
-Leveraging investments for adding resilience and

capacity to DOD and DOE supply chains particularly for
manufacturing and technology

e rr WWW ETP.CA GOV
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Employment Training Panel
Connect with our team!

B s Comiietaria

. brdan Petaih

. (a A adisnhi

200 Mg

connectietp,
67374181

Thank you for your time!
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