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Abstract

The satellite research program VIBES (Visionary Ingenuity Boosting European Spacecraft) was established in 2021 at
the Institute of Aerospace Technology (IAT) of the City University of Applied Sciences Bremen. VIBES aims at bringing
the consumer electronics revolution to space to improve the performance of spacecraft, and to connect education, research
and industry to foster the development of talent and technologies for the future of spaceflight. In 2022, work was begun on
the program’s first spacecraft, VIBES Pioneer. VIBES Pioneer is a 3U CubeSat that carries a MEMS-based microvibration
measurement system (MVMS). It will launch on the second flight of RFA ONE and will be deployed into a 500 km circular
sun-synchronous orbit for a nominal mission duration of 12 weeks. Building upon the VIBES Pioneer mission is SENSORIS,
a constellation that is being developed by the IAT, ZARM Center of Applied Space Technology and Microgravity and the
DLR Institute for Satellite Geodesy and Inertial Sensing. The purpose of the constellation is to measure the Earth’s gravity
field using a NewSpace approach for faster, cheaper and more flexible data acquisition for research, security and resource
management. It consists of twelve 3U CubeSats which are an evolution of the VIBES Pioneer spacecraft. The concept will be
demonstrated with the VIBES Pathfinder mission. The paper at hand provides an update on the VIBES Pioneer mission and
outlines the strategic roadmaps for VIBES Pathfinder and the SENSORIS constellation. Together, these missions support the
aim of the VIBES research program of bringing the Consumer Electronics Revolution to space.
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Acronyms/Abbreviations 1. Introduction

The VIBES research program, established in 2021 at the
Institute of Aerospace Technology (IAT) of the City Uni-

ADCS Attitude Determination and Control System versity of Applied Sciences Bremen, aims to revolutionize
COTS Commercial-off-the-shelf Earth observation missions through the innovative use of
EO Earth Observation consumer electronics to enable more agile and cost-effective
FPGA Field-programmable Gate Array spacecraft. The paper at hand explores the potential of inte-
GNSS Global Navigation Satellite System grating consumer-grade technology into spacecraft, highlight-
HL-SST High-Low Satellite-to-Satellite Tracking ing the significant advancements in computing power, cost-
LEO Low Earth Orbit efficiency, and accessibility that these components offer. The
LL-SST  Low-Low Satellite-to-Satellite Tracking paper is divided as follows: Firstly, a general overview is
VLEO Very Low Earth Orbit provided on why consumer electronics are a relevant field
MEMS  Micro-electromechanical System of study for future space missions in Section 2. Next, the
MVMS  Microvibration Measurement System VIBES program is introduced in section Section 3, followed
PCDU Power Control and Distribution Unit by a presentation of the VIBES Pioneer mission and how con-
SDR Software-Defined Radio sumer electronics are incorporated wherever possible (Sec-
SoC System-on-Chip tion 4). Building upon VIBES Pioneer, the development of
ST™M Structural Thermal Model a 12-satellite constellation was begun. This constellation is

called SENSORIS and aims at conducting measurements of
the Earth’s gravity field more frequently than currently pos-
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sible. An overview on SENSORIS is provided in Section 5.
Lastly, a brief outlook on the far future is given in Section 6.

2. Consumer Electronics in Space

Over the past years, there has been substantial progress in
consumer electronics: it is nowadays possible to have video
chats with friends from all around the globe, vacuums are
independently cleaning homes, and cars are driving increas-
ingly autonomous. These advancements have been primarily
enabled by improvements in computing power. Thirty years
ago, home computers were limited to basic tasks such as word
processing. Today, everyone can carry a small yet powerful
computer in their pocket or on their wrist. The chips used
in these devices are energy-efficient and capable of handling
increasingly complex tasks.

While this technological progress has affected our daily
lives, spacecraft designs have been much slower at incorpo-
rating these advancements. An average flight computer for a
CubeSat still costs more than 5000 Euros, whereas a flagship
phone equipped with multiple cameras, sensors and a screen
can be purchased for 1000 Euros or even less[1].

This underscores the potential consumer electronics
house: Being smaller, more powerful and significantly less
expensive than traditional components, they are attractive for
projects with limited funding or for innovative approaches.
The mars helicopter Ingenuity (Fig. 1) is a fascinating exam-
ple of such a mission: Even though major components of
its avionics architecture were taken from a smartphone and
other household items, the helicopter survived a six-month
long journey to Mars and performed 72 flights in almost three
years. At one point, sensors commonly used in smartphones
even saved the mission when another component failed. The
first Martian helicopter could only be stopped by a mechani-
cal failure, grounding the craft permanently in 2023; howeyver,
the electronic components are still functioning, allowing Inge-
nuity to have a second life as a Martian weather station[2][3].

Fig. 1. Ingenuity Mars helicopter — 72 flights on another
planet using consumer electronics[4]

In addition to the performance and cost improvements,
the implementation of consumer electronics can significantly
shorten development times due to their wide availability. The
growth of the launch services market is further reducing over-
all mission costs, allowing more agile, iterative approaches
and the launch of multiple, inexpensive spacecraft rather than
a single expensive one.

3. VIBES Research Program

Missions such as Ingenuity clearly show that consumer
electronics not only work in space but can actually enable new
types of missions. To study how consumer electronics can be
used for a variety of space applications, the VIBES research
program was established in 2021 at the Institute of Aerospace
Technology (IAT) of the City University of Applied Sciences
Bremen (HSB). The IAT has almost 30 years of experience
with space projects with a specific focus on the study of future
technologies. With VIBES, the IAT wants to further expand
its portfolio. VIBES is short for Visionary Ingenuity Boosting
European Spacecraft and aims at bringing the consumer elec-
tronics revolution to space, and to connect education, research
and industry to foster talent and technologies for the future of
spaceflight. With this emphasis on miniaturization and the
integration of consumer electronics, the VIBES program is
in line with the German federal government’s space strategy
[5]. Students are actively involved in the on-going research
from their first semester onwards, enabling them to work on
real space projects as part of their studies. At the same time,
researchers get valuable resources and fresh minds for their
projects (Fig. 2). Through cooperations with industry, a con-
stant exchange of ideas and concepts is generated that benefits
all stakeholders.

Fig. 2. University of Applied Sciences: with VIBES, the In-
stitute of Aerospace Technology Bremen (IAT) is explor-
ing new ways to build and test spacecraft using components
designed for our daily lives while providing students with
hands-on learning opportunities
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With VIBES, the IAT is also flying for the first time their
own spacecraft. Presently, two missions incorporating con-
sumer electronics are in the works: VIBES Pioneer and SEN-
SORIS.

4. VIBES Pioneer

The development of VIBES Pioneer was begun in 2022.
It is the first ever spacecraft built in-house at the IAT. In
Fig. 3, an overview of the spacecraft elements is provided.
The 3U CubeSat uses consumer electronics wherever pos-
sible: The batteries of the Electrical Power Subsystem are
LiFePo4 battery cells which are usually found in all types of
household electronic devices. The Power Control and Distri-
bution Unit (PCDU) is purchased from an aircraft electronics
manufacturer. The flight computer of VIBES Pioneer com-
bines ATMega microchip with a modified FPGA-based micro-
controller. The structure of the spacecraft is being produced
by alocal manufacturer. For the thermal control system, poly-
imide heaters, self-developed heat sinks and COTS sensors
are used.
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Fig. 3. VIBES Pioneer spacecraft elements

As its main payload, VIBES Pioneer carries an opti-
cal instrument and the Microvibration Measurement System
(MVMS). The optical instrument is a Raspberry Pi HQ cam-
era with a M12 25mm {/2.5 lens from Edmund Optics while
the MVMS has been developed by the VIBES research team.
It uses micro-electromechanical systems (MEMS) to measure
small mechanical perturbations. These microvibrations are
emitted by moving parts of a spacecraft, for instance the re-
action wheel of the attitude control system, disturbing optical
instruments such as cameras. Using sensors from the automo-
tive industry that cost less than 60 Euros and an FPGA for data
processing, the MVMS can create a detailed image of where,
how and when the vibrations occur (Fig. 4).

The data can then be used to optimize photos taken by
a camera in post-processing, and to optimize the operational
modes of the spacecraft to reduce the impact of the vibrations.
The demonstrated performance of the MVMS achieves simi-
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Fig. 4. MVMS test setup (left) and plot of microvibrations
measured using MEMS sensors (right)

lar results to heavier and more expensive measurement sys-
tems such industry standard dynamometers[6].

In the long term, the processing of the images shall happen
directly on the computer of the spacecraft, so that only the
polished data has to be downlinked, significantly optimizing
the use of restricted downlink times.

In addition to the MVMS, the communication link for the
mission will be evaluated as a secondary mission objective.
The main mission downlink uses S-Band and is implemented
as a software-defined radio (SDR) system (Fig. 5). At the core
of the system lies a Zyng-7020 System-on-Chip (SoC), which
provides both flexible signal processing capabilities and pro-
grammable logic. This is coupled with a fully self-developed
RF front-end board that covers a wide frequency range from
70 MHz to 4000 MHz (Fig. 6). The front-end includes an in-
tegrated 2 W power amplifier and supports high-speed vector
modulation with data rates of up to 20 Mbit/s. The signal is
transmitted using an array of circularly polarized patch anten-
nas to ensure robust communication, even under dynamic ori-
entation conditions in orbit.

Fig. 5. Software-Defined Radio for VIBES Pioneer
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