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Purpose

Prospective satellites, especially CubeSats, are largely tested with
ground-based equipment, often excluding operational testing in a
space-like environment due to the limited availability of launch vehicles and
high launch costs. This can leave payloads unprepared for extra rigors that
come with flight such as extreme vibrations, varying temperature, and
difficult communications environments. While this is often solved by using
high-altitude balloon flights due to their low cost and quick turn around,
balloon flights typically last at most two hours.

We propose a novel high altitude balloon platform to enable near-space
testing of satellite payloads. This platform should be capable of keeping a
prospective satellite payload in a space-like environment for a much longer
duration.

Development Objectives

e Develop a modular system which is adaptable to a variety of mission
profiles.

e Develop a helium venting subsystem for altitude control.

e Develop a balloon cutdown subsystem for flight termination.

e Develop a long-range communications subsystem for constant
telemetry and direct, real-time control of the flight.

e |[ntegrate, test, and maintain these capabilities independently of any
particular rideshare payload, acting as a “satellite bus” for the upper
atmosphere.

System Overview

The LUMA ("Long-range Universal Mission Administrator”) System will
primarily be composed of several stackable subsystem modules which will
each be designed to meet a particular mission requirement. The default
configuration is shown below:
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Vent/DROP Module:

e Mechanized vent to control helium
outflow from balloon ("Vent”).

e Balloon neck interface is detachable
via an internal release mechanism
("Designated Release Of Payload”,
or “DROP?).

LUMA Core Module:

e Primary microcontroller, power, and
sensor module.

e Directly manages the operations of
all other modules.

e Required for all missions.

e Contains short-range radio to
interface with rideshare payloads.

Long Range Communications
Module:

e Antenna and transceiver for the
2-meter amateur radio band.
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through center| y | Payload | line-of-sight.
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e \We intend to open-source our
e Networked at the Academic High

e Regular contact with other groups

Flight Command and Control

The LUMA System will control the flight path and duration of a
High-Altitude Balloon flight using a vent through which the lifting gas can
exit the balloon, decreasing the free lift and thereby lowering the balloon’s
ascent rate. Future iterations of the design will also be able to drop ballast
mass, increasing free lift and thus increasing ascent rate. Using these two
mechanisms, as well as an integrated cutdown system, we gain complete
altitude control as well as the ability to terminate the flight at any time.

The ability to directly control altitude Typical Balloon Flight®

IS essential for two reasons: 7S H

e Causing the balloon to float below
the altitude where it would normally
expand until it ruptures (referred to
as “burst altitude”) allows for
extended-duration flights.

e Like a hot-air balloon, controlling
altitude allows the flight controller to
use wind direction at different
altitudes to exercise a modest i
amount of control over flight path T =
and landing location.
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(1) Both flight models shown to the right used [ A
the same launch time and balloon parameters. o SO

Communications Architecture

e The Flight and Rideshare Controllers
interact with the system using the

Balloon Line Ground

 Vent/ Ground Station Computer.
_ PROP ] agn | freesndy @ The Ground Station Computer acts as a
IIZC Controlter Controler modem for AX.25 packets, which are
Users o sent to the Long Range
i A Core ) ( cround station | COMMunications (LRC) Module on the
| ] | Computer 2-meter amateur radio frequency band.
: Audio The LRC Module acts as the modem on
5 I'ZC CableI the flight line.
ee [ LongRange | [ GroundStation | ® 1he LUMA Core Module manages the
ocol | Communications | Radio operations and interaction of all other
: 4 AX 95 A modules, and can interface with the
""" "Protocol” " LRC Module and the Rideshare
:\ U Ededhare Payload to provide two-way command
7| Payload and control to both the Flight and

Rideshare Controllers.

Expected Outcomes

A prospective student CubeSat project is manifested to fly with the LUMA
System in Spring 2026, looking to benefit from an extended mission
duration and longer-range communications relay. Moreover, the LUMA
System will use its altitude control capabilities to guide the flight toward a
more ideal recovery location, ensuring safe retrieval of the CubeSat.

Future Work

e Decrease module diameter
substantially to save mass and
Increase payload capacity

Altitude Conference e Add a fourth module for hOldlng

and releasing ballast mass

Develop comprehensive mission

planning and control software

Community

work once it is further developed

developing balloon venting °
systems in parallel
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