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Topics

- CubeSatSim Team

- What is a CubeSatSim?

- CubeSatSim Technical Details and Telemetry

- CubeSatSim in the Classroom, at Events, in the Journal, etc
- New Activity Guides

- FunCube mode and Cross Band Repeater Demo

- Get Involved

- Q&A

- Acknowledgements
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Core CubeSatSim Project Team

Fredric Raab, KKENOW
Mark Samis, KD2XS
David White, WD6DRI
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What is a CubeSatSim?

- It is the core of an education program to evangelize the
science and technology used in radio satellites.

- University engineering programs

Amateur radio community

STEM programs

Libraries, Museums, Maker Faires, etc.
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What is a CubeSatSim?

- A low-cost satellite emulator that runs on solar panels,
batteries, and transmits UHF radio telemetry
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What is a CubeSatSim?

- Uses a custom 3-board stack plus Raspberry Pi Zero 2 and
a Raspberry Pi Pico microcontroller, rechargeable
batteries, voltage/current sensors, and environment
SENsors.
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What is a CubeSatSim?

- Transmits 70cm amateur band UHF radio housekeeping
telemetry to a ground station in multiple formats -
describing the operational location/health of the satellite.

File Decoder Spacecraft Help
Input CubeSatSim-BPSK | CubeSatSim-FSK

Source FSK: »

Spacecraft Tracked
1/CubeSatSim-BPSK Tracked
Stop

1/CubeSatSim-FSK  Not Tracked
Center Frequency 434840.0 kHz

E4000 USB SDR Audio Options

) v| View Filtered Audio
Sample Rate: 0.240 MHz | Freq Correction (ppm): 0
Monitor Filtered Audio
Gain Master: Auto w | Mixer: LNA: Squelch when no telemetry

Output

Monitor Audio | bl [default]

Sample rate; 48000 | Symbols: 70 Eye Diagram

FFT: 2048 CubesatSimBrsK Freq:434904.804

snr: 10.4dB
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Show Peak ® SNR | Find Signal when peak over 12.0/dB, SNR over 2.5 dB and bit SNR over 1.8 |dB
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Technical Details

- Raspberry Pi Zero 2

- Runs housekeeping software: C, Python

. Has Pi Camera and USB Sound Card




Technical Details

- Main Board

and FM transceiver

- 3-Axis Accelerometgr/Gyxoscope MPU605
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Technical Details

. Solar Board

- 6 INA219 Voltage/Current Sensors — one for each side Solar Panels
- Solar panels plug into JST 2.0 connectors

- Uses low cost solar panels ($1.50/panel)
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Technical Details

- Battery Board
- 3 AA Nickel Metal Hydride (NiMH) Batteries for safety
- New improved 2800 mAh PRO batteries

 Includes INA219 current and voltage sensor

- Charged with solar panels or USB-C cable
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Technical Details

- Ground Station Software:

Pre-built Software Stack (Fox-in-a-Box v4 Beta)
*FoxTelem

Or, install on your own PC *Direwolf
*QSSTV

*OpenWebRX

*CubicSDR
*RTL-TCP
*Gpredict

eKLATracker
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Technical Details

Decoding |__Waterfall(WebSDR

- i Windows: SoundModem .
Automatic Packet Reporting System. ; : Y T 1 t M d
_ o j 7
This digital mode sends a packet of or Direwolf . YN ey Y] e eme r O eS

Raspberry PilLinux:
OpenWebRX or Direwolf

data with AFSK or Audio Frequency
Shift Keying modutation

B 1 =

Frequency Shift Keying. This mode APRS (Automatic PaCket
transmits a continuous signal that

. Windows/Raspberry W o e Re ( )rtin S |
makes a rumbling sound that PULi Tel = Lot p g yS c€m
m B Qx ﬁm o g E § m g J J ' J L]
emulates the AMSAT Fox CubeSats ¥Liowc: £ Guangat 2t o e :

such as Fox-1C or AO-95, Also I"
known as DUV or Data Under Voice, N .
* FSK (Frequency Shift Keying
Binary Phase Shift Keying. This » % d
mode transmits a continuous signal Windows/Raspberry TR v . ( i )
that sounds like noise that emulates PliLinux: FoxTelem Cubstusimang b Aldain el DUV (Data Under Voice
the AMSAT Fox-1E CubeSat. You
demodulate using USB h h f
* BPSK (Binary Phase Shift
Slow Scan TeleVision. This mode Windows: MMSSTV e Kevin )
transmils stored images in Scottie 2 Raspberry PULinux: R T y g
format which sounds like a series of
tones,
e SSTV (Slow Scan TV)
Continuous Wave or Morse Code. Wl_ndows.lRaspbe.rry -
This made tr its a FM modulated PiLinux: ficigi with : : = . k
by A sckopdbed Rt spreadsheet i : CW (Continuous Wave aka
tone at 20 words per minute Morse g 0 33
Code telemetry. http://cubesatsim.orgltel " 3 d
em = Morse Code)
Simulates a UV (UHF uplink, VHF
Band downlink) FM satellite repeater. OpenWebRX
Ropoater Default uplink is 435 MHz and
downlink is 144.9 MHz.
FUNcube simulates the BPSK Y
telemetry of the FUNcube series of Raspberr;efl’;; UNcube
CubeSats such as AO-73. /
* U/VEM
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Recent CubeSatSim Improvements

- CubeSatSim v2 hardware and software released in 2024 as v2.0
- Software v2.1 released in 2025 adding:

- New FunCube telemetry mode

- New Cross Band Repeater mode

- Improved Command and Control (C2C)
- Beta v2.2 testing underway

- Improved simulated telemetry

- Support for BME and MPU sensors attached to Pi Zero

AMSAT Education
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Kits, Kits, and More Kits!

- We now have no-solder CubeSatSim kits available periodically at
Hamvention and on the AMSAT Store

- 1-2 hours of assembly, no soldering!
- Price increase due to tariffs
- 100 produced so far!

- 40 1n 2024

- 40 so far in 2025 plus 20 for ARRL Teachers Institute
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https://cubesatsim.org/kit
https://cubesatsim.org/kit

Loaner Kits

- Thanks to grant from Quarter Century Wireless Association (QCWA)
- Has a Pi Ground Station, turntable, LED lamp, and Kit parts
- Receive as no-solder kit, return assembled

- Trialed by students of the San Diego area Mount Carmel High School Amateur
Radio Club (MCHSARC) club sponsor, teacher John Earnest, KG6EQU
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Project Partnerships

- ARISS

. SPARKI (ARISS Radio Pi)

- STAR (Lite - see later slide)

- ARRL

- Teachers Institute (see later slide)
- Science Centers

- CubeSatSim on display at Cox Science Center and
Aquarium in West Palm Beach, FL by Jim Nagle,
KF40D

AMSAT Education
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New Lite v2 Coming Soon

- Single board, size of a Pi Zero

- Plug into a Pi Zero 2 and it generates simulated
telemetry in all 7 modes

- Can add BME and MPU sensors via Qwiic connector
- Can add GPS with serial port
 Can do C2C with USB sound card and OTG cable

- Can plug a 3-cell battery with JST connector including
full Battery Board

- Can remove attenuator for 0.5 W FM transmission for
balloon payload
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ARRL Teachers Institute on Wireless Technology

- ARRL Teachers Institute on Wireless Technology
- Space Comms and Radio Astronomy course
- Used 20 kits
- They soldered the BME and MPU sensors
- Each teacher built a CubeSatSim and took it home!
- Very positive feedback from instructors and teachers
- GitHub Discussion board active!
- Helping troubleshoot

- Enhancements — new Yaw Pitch Roll — see demo

AMSAT Education
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https://github.com/alanbjohnston/CubeSatSim/discussions
https://github.com/alanbjohnston/CubeSatSim/discussions

ARRL Teachers Institute on Wireless Technology

s W— g o
| . , :
17? po e, PN, - if ~

AMSAT Education 20




ARRL Teachers Institute on Wireless Technology
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New CubeSatSim Quick Start Guides

. CubeSatSim Quick Start Guide /7= : Ground Station Quick Start Guide . Cross Band Repeator Quick Start Guide %, Command and Centrol Quick Start Guide

How to Turn Off the CubeSatSim

How to Charge the O
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https://cubesatsim.org/qsg

CubeSatSim Activity Guides

I just built (or borrowed) a CubeSatSim!

What can I do with it?

AMSAT Education
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What are Activity Guides?
- Step by step instructions for how to do a STEM educational
activity using a CubeSatSim
- Most work with just a CubeSatSim or Lite
- Some are very easy

- Listening to the sounds of the different modes on a HT
and/or looking at modes on an SDR waterfall

- Some are more challenging

- Telemetry analysis using FoxTelem

AMSAT Education 24




What are Activity Guides?

- Activity Guides include questions

- Instructors Guide has example data and answers to
questions

- Released under Creative Commons with Attribution
license

- Teachers can edit and include in their lesson plans
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Status of Activity Guides

- They have been under review over the summer

. Published on GitHub now

. 10 available now — more in future

. Videos available soon!

AMSAT Education
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https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides
https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides
https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides
https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides
https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides
https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides
https://github.com/alanbjohnston/CubeSatSim/wiki/CubeSatSim-Activity-Guides

List of CubeSatSim Activity Guides

hMSAT CubeSatSim - MPU Sensor Activity
Version 1 - July 2025

Alan Johnston KU2Y kuzy@arr.net C Listening ACthlty GUide

Group:

Introduction:

In this activity, you will learn about the MPUBDS0 Rotation/Acceleration sensor on the * Telemetry ACtiVity Guide

CubeSatSim Main board, and rotation and accelaration readings.

This online Glossary can help with any terms or acronyms you may not know.

i mmmm——, * Advanced Telemetry Activity Guide

The MPUS0S0 sensor is the blue sensor board U2 on the Main board.

* BME Sensor Activity Guide
* MPU Sensor Activity Guide

The galashes! for the IC shows the X, Y, and Z axes, which is also printed on the board. L] Solar Panel ACtiVity Guide

The MPUS0S50 sensor is mounted horizontally on the Main board, which is mounted
honzontally in the CubeSatSim frame so that the axes align:

* Battery Activity Guide
* Troubleshooting Activity Guide
* Group Building Activity Guide

A device that measures rotation rate is known as a gyroscope, or simply a gyro, A

device that measures acceleration is known as an accelerometer. The MPUB0S0 ° MQTT Adafruit IO Activity Gllide

AMSAT Education o7




Example: CubeSatSim MQTT Adafruit 10 Activity Guide

- New code on Raspberry Pi Pico W microcontroller Wi

so it connects to your WiFi network!

- BME and MPU sensor data is published to the
Adafruit 10 cloud

- Uses an Internet-of-Things protocol called
MQTT

« Free account at

. Instructions to create a call web-based
dashboard that is updated in real time

- Shows an alternative way to get telemetry from a
CubeSat

AMSAT Education
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https://adafruit.io/

CubeSatSim...

in the Classroom at Events

. Villanova University, PA Electrical and Computer - Hamcation 2025, FL by Dennis Veselka, KI4AKNC

Engineering Freshman Projects by Alan Johnston, . Hamvention 2025. OH

KU2Y and Xun Jao, 6 CubeSatSims built

. . . . . - Thanks to Jack Spitznagel, KD4IZ, Carsten
- Johns Hopkins University, MD, Drew Knuth is using Glasbrenner, KQ4SJM, and Dennis Veselka,
CubeSatSims and Lites in a Small Satellite

Development and Experimentation capstone graduate
class - Frontiers of Flight Moon Day, TX by Tom Schuessler,

N5HYP and Virginia Smith, NV5F with 2U loaner

KI4KNC for running education table

- University of Texas at Dallas, TX, Ron Dang, K5SUS,
Kangkook Jee, Jaehyun Park, Agustya Bose organized a - Don Rhodes, KB2YSI, borrowed one in May and

satellite workshop at University of Texas at Dallas organized an AMSAT table at the Cheanago Valley

Amateur Radio Association Hamfest NY
- See Agustya presentation today!

- Rusty Moore K1FVK Field Day NC
- Iowa State University, IA building CubeSatSims in Make

to Innovate (M2I) and Cy Sat program, organized by - Garth Likens and Nick Pugh, K5QX], multiple events for
Matthew Nelson CAPE Satellite Program, University of Louisiana at

Lafayette
AMSAT Education 29




CubeSatSim and the ARISS STAR Program Update

We continue to work with ARISS on the STAR Project
(Space Telerobotics with Amateur Radio).

We provide SSTV and telemetry from a CubeSatSim Lite
attached to the top of an XRP rover.

The XRP is controlled from an ARISS Pi ground station with
a new STAR app which now hosts the SSTV images
broadcast from the rover.

The XRP rover can receive commands sent via APRS or
from other locations on the Web via MQTT that are passed
to the STARApp’s Mission Controller

The CubeSatSim Lite can receive commands via APRS,
DTMF or directly from the ARISS Pi.

The CubeSatSim Lite can also operate as a cross-band
repeater as it sits on top of the XRP




STARApp decodes SSTV signal from XRP Robot after it is moved with STARapp Mission Controller

Web SDR SSTV Decode

- STARapp Setup Other Features Help
FoxTelem

Disconnect *

Do Not Disturb

Send 9§

- Receive APRS

- Enable Visualizer ' Start QSSTV

Commands Sent Commands Received SSTV Decoding

DAL
UOow|

AMSAT
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File Edit Tabs Help

d_linux

FoxTelem_1.1
3d_hinux  PacSatGroun- s

d_0.44a_linux Bl

Wastebasket

Arduino IDE
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View from the front of the XRP showing the CubeSatSim Lite with camera
facing forward on the right side of the robot. The XRP’s ultrasonic sensors
are in the center.




AMSAT Educator’s Guide to Using Satellites in the Classroom
Educators Guide to Using S IR
_—————— * AMSAT® CubeSatSim Project Wiki
* CubeSatSim Quick Start Guide
* Ground Station Quick Start Guide
* Cross Band Repeater Quick Start Guide

* Command and Control Quick Start Guide

* CubeSatSim Activity Guides

* AMSAT Youth Initiative Update

* AMSAT Education and CubeSat Simulator Update

* Bridging Orbit and Classroom: SatNOGS and
CubeSatSIm

[:| 1 | * New CubeSatSim Features and Capabilities
el [N * Building AMSAT CubeSatSims in the Classroom
* CubeSatSim YouTube Playlist Links

* AMSAT CubeSatSim Glossary

* Radio Amateur Satellite Corp. Strategic Plan - 2021-
2031

CubeSsSim Block Diagram v2.0
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CubeSatSim v2.1 New Modes

Ready for the Demo?

;'\ © REMOVE BEFORE FLIGHT

AMSAT Education
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Get Involved with the CubeSatSim Project

- Borrow a CubeSatSim Loaner - Borrow a Loaner Kit

. AMSAT members can - Available now for classrooms
borrow a loaner to show or other group activities
at an event or in a - Build a CubeSatSim
classroom

- Fully open source — about $400
. Teachers can also borrow to build

a loaner - contact me!
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Questions?

Contact Alan at

https://CubeSatSim.org

https://www.amsat.org

https://qithub.com/alanbjohnston/CubeSatSim/wiki

AMSAT Education
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6V Solar
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DC Input 5V
USB-C

CubeSatSim Block Diagram v2.0
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