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About Alan Johnston

B.E. (First Class Honors), Electrical and Electronic
Engineering, University of Melbourne, Australia

Ph.D., Lehigh University. Bethlehem, PA, Electrical
Engineering

25 years industry experience in telecom/VolIP industry

20 US patents in Voice over IP, internet communications

24 |[ETF RFC standards documents inlcluding RFC 3261 on
Session Initiation Protocol

5 technical books on SIP, internet communications
2 techotbhrillers “Counting from Zero”, “Returning to Zero”
Associate Teaching Professor at Villanova University

Vice President, Educational Relations, The Radio Amateur
Satellite Corporatation (AMSAT)
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About AMSAT

The Radio Amateur Satellite Corporation, or AMSAT, is a worldwide
group of Amateur Radio Operators (Hams). It was formed in the United
States of America in 1969 as an educational organization.

For over 50 years AMSAT groups in North America and elsewhere have
played a key role in significantly advancing the state of the art in space
science, space education, and space technology. The work now being
done by AMSAT volunteers throughout the world will continue to have
far-reaching, positive effects on the future of both Amateur Radio, as
well as other governmental, scientific and commercial activities in
space.
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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 (Science Technology Engineering Math) programs

Libraries, Museums, Maker Faires, etc.

Fully open source hardware and
software!
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What is a CubeSatSim?

A low-cost satellite emulator that runs on solar panels,
batteries, and transmits UHF radio telemetry

X * NP\ d
AMSAT CubeSatSim 7 ms*f.g

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.

AMSAT CubeSatSim 10
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What is a CubeSatSim NOT?
The CubeSatSim is NOT:
Hardware designed for space flight
Software designed for space flight
The CubeSatSim is an educational model designed to be:
Low cost (a few hundred SUSD)
Easy to build (2 layer PCB, simple soldering and 3D
printing)
**:éu:;"’;
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Technical Details

Raspberry Pi Zero 2

Linux Single Board Computer runs housekeeping software: C, Python
Has Pi Camera and USB Sound Card

* 2
* V2
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Technical Details
Main Board
Raspberry Pi Pico W microcontroller and FM transceiver
Temperature/Press\ye/Humidity Sensor BIjE280
« T
AMSAT CubeSatSim 12 amshrZe
12



7/1/26

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 (51.50/panel)

13

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

1 %5) amsaT.
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Technical Details

Ground Station

Pre-built Software Stack (Fox-in-a-Box v4 Beta)
Now works on Pi 4 or 5 Bookworm
Or, install on your own PC

s0 = T HE3 T s

N BE:

AMSAT CubeSatSim

Software:
FoxTelem
Direwolf
QSSTV
OpenWebRX
SDR++ (new!)
CubicSDR
RTL-TCP
Gpredict
KLATracker

15 AMSAT.Z
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Technical Details

Blinks | _Mode pti Decoding Audio WaleﬁallﬁebSDR
Automatic Packet Reporting System, | Windows: Soundbodem
1 APRS This digital mode sends a packet of Raspb PilLi a CubeSatSim.org/a
data with AFSK or Audio Frequency |  SaW00TY PR
Shift Keying modulation. QrenWebRX or Direwolt
Frequency Shift Keying. This mode
transmits a continuous signal that Windows/Raspberry
makes a rumbling sound that T N
: ubeSatSimorgl
2 FSK | g g SO i tats |  Pilinux: EoxTelem £ Cubesatsimorgl
such as Fox-1C or AO-95. Also
known as DUV or Data Under Voice.
Binary Phase Shift Keying. This
mode transmits a signal pberry Cifsgaatis o
; Ly CubeSatSim.org!
3 BPSK | thatsounds like noise that emulates |  PilLinux: FoxTelem b
the AMSAT Fox-1E CubeSat. You
demodulate using USB.
Slow Scan TeleVision. This mode Windows: MMSSTV
transmits stored images in Scottie 2 | Raspberry PiLinux )
- eSatSim org
J SSTV. | format which sounds like a series of QssTv N CQubsSaiSimongls
tones.
Continuous Wave or Morse Code. | ‘indows/Raspberry
5 cw This mode transmits a FM modulated e médshse( m CubeSatSim.org/m
tone at 20 words per minute Morse | //C\‘:besa(sim _—
hitp://cubesatsim.org/tel
Code telemetry.
Cross Simulates a UNV (UHF uplink, VHF
6 Band downiink) FM satelite repeater OpenWebRX e CubeSarSimorgle
Repeater Default uplink is 435 MHz and
downlink is 144.9 MHz.
FUNcube simulates the BPSK 7
7 qun | tetemetry of the FUNcube series of | Raspberry Pi: FUNcube 3 CubeSatSim.orgl
CubeSats such as AO-73.
AMSAT CubeSatSim

Telemetry Modes

APRS (Automatic Packet
Reporting System)

FSK (Frequency Shift Keying
DUV (Data Under Voice)

BPSK (Binary Phase Shift
Keying)

SSTV (Slow Scan TV)

CW (Continuous Wave aka
Morse Code)

Cross Band Repeater (New!)
U/NV FM

FunCube mode (New!)

16 AMSAT.Z
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Recent CubeSatSim Improvements

CubeSatSim v2 hardware and software released in 2024

Software v2.1 released in 2025 adding:
New FunCube telemetry mode
New Cross Band Repeater mode

Improved Command and Control (C2C)

Software v2.2 released in 2026 adding:
Improved simulated telemetry

Support for BME and MPU sensors attached to Pi Zero

Simulated failures

AMSAT CubeSatSim

ok
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New CubeSatSim Lite

Single board, size of a Pi Zero

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

Can add sensors without soldering via Qwiic
connector

Can add GPS (Global Positioning System) with serial
interface

Can do Command and Control with USB sound carga

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
AMSAT CubeSatSim
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CubeSatSim Telemetry

Telemetry Definition Housekeeping Telemetry
“Automatic measurement and wireless Basic status of the spacecraft
transmission of data from remote sources.”
Temperature
CubeSatSim transmits telemetry in all
modes Voltages
AMSAT FoxTelem software Currents
automatically decodes telemetry Spin and acceleration
APRS and CW modes use a
spreadsheet to decode telemetry
AMSAT CubeSatSim 19 :Ms*:.@
19
Simulated CubeSat Telemetry
The CubeSatSim can generate real Simulated telemetry doesn’t require
telemetry any setup
The CubeSatSim can be placed on a CubeSatSim can be configured to send
turntable in front of an LED lamp simualted telemetry
Simulated telemetry switches between
illumination (daylight) and eclipse
(darkness)
Parameters are randomly generated
on boot
- R Software can also generate simulated
failures in telemetry data! L
AMSAT CubeSatSim 20 :Msﬁ@
20
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You Can Build a CubeSatSim

3D print the Frame parts

https://CubeSatSim.org/frame

Fabricate PCBs using Gerber files

https://CubeSatSim.org/hardware

Order Parts using BOM

https://CubeSatSim.org/bom

Octapart BOM Tool can generate shopping cart of components

Other parts such as solar panels and antennas available on Amazon
Solder and Assemble

Step-by-step instructions and videos on Wiki

https://CubeSatSim.org/wiki

AMSAT CubeSatSim 21
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CubeSatSim Kits Available in USA

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

1-2 hours of assembly, no soldering!

Over 120 produced so far!
40in 2024
60 in 2026
20so farin 2026
https://CubeSatSim.org/kit

*

%
* V3
AMSAT CubeSatSim 22 ms’ﬁQ

)
VS

22

11


https://cubesatsim.org/frame
https://cubesatsim.org/hardware
https://cubesatsim.org/bom
https://cubesatsim.org/wiki
https://cubesatsim.org/kit

7/1/26

Project Partnerships

NASA

F Prime

American Radop Relay League (ARRL)
USA Ham Radio Organization

Teachers Institute Program

Science Centers

Example: CubeSatSim on display at Cox Science

Center and Aquarium in West Palm Beach, FL by Jim
Nagle, KF40D

Look for more in 2026!

AMSAT CubeSatSim 23
23
NASA F Prime and CubeSatSim
> —
(sa Jet Propulsion Laborat .
N e wattus o Tecmosy | [ F Prime
“F Prime: A software ecosystem enabling the rapid development and deployment
of embedded systems for spaceflight applications.”
https://fprime.jpl.nasa.gov
Open source!
https://github.com/nasa/fprime
JPL Interns are porting it to run on the Raspberry Pi Zero 2 and work with the
CubeSatSim Hardware:
https://github.com/fprime-community/fprime-amsat-reference
F Prime is for spacecraft, but porting it to run on the inexpensive CubeSatSim
hardware is a useful teaching tool.
« T
AMSAT CubeSatSim 24 amshrZe
24
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ARRL Teachers Institute on Wireless Technology
ARRL Teachers Institute on Wireless Technology
‘Teaching the teachers’

Space Communications 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

e <
S
[ <

CubeSatSim Documentation
Wiki instructions
Quick Start Guides
Activity Guides
Educator’s Guide
AMSAT CubesSatsim 2 i
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New CubeSatSim Quick Start Guides

«:, CubeSatSim Quick Start Guide

https://CubeSatSim.org/gs

R
* J53):
AMSAT CubeSatSim 27 ms*zD

CubeSatSim Activity Guides

Problem Statement

| just built (or borrowed) a CubeSatSim!

What can | do with it?

* ("‘mn /?‘,
AMSAT CubeSatSim 28 S
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What are Activity Guides?

Step by step instructions for how to do a STEM
(Science, Technology, Engineering, Math) 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 CubeSatSim 29
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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
https://CubeSatSim.org/ActivityGuides

10 available now — more in future

Videos available soon!

AMSAT CubeSatSim 30
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List of CubeSatSim Activity Guides

AMSAT CubeSatSim — MPU Sensor Activity
Version 1 - July 2025
Alan Johnston KU2Y ku2y@arrl.net

Group: Date:

Introduction:

In this activity, you will leam about the MPU0S0 Rotation/Acceleration sensor on the
CubeSatSim Main board, and rotation and acceleration readings.

‘This online Glossary can help with any terms or acronyms you may not know.
A. MPU Rotation/Acceleration Sensor Readings

‘The MPUB050 sensor is the blue sensor board U2 on the Main board,

‘The datasheet for the IC shows the X, Y, and Z axes, which is also printed on the board.
The MPUG050 sensor is mounted horizontally on the Main board, which is mounted
horizontally in the CubeSatSim frame so that the axes align:

Adevice that measures rotation rate is known as a gyroscope, or simply a gyro. A
device that measures acceleration is known as an accelerometer. The MPUB050

AMSAT CubeSatSim

Listening Activity Guide

Telemetry Activity Guide

Advanced Telemetry Activity Guide
BME Sensor Activity Guide

MPU Sensor Activity Guide

Solar Panel Activity Guide

Battery Activity Guide
Troubleshooting Activity Guide
Group Building Activity Guide
MQTT Adafruit 10 Activity Guide

31

31

AMSAT Educator’s Guide to Using Satellites in the Classroom

Educators Guide to Using
Satellites in the Classroom

-
L]
.

‘Cubesatsim Block Diagram v2.0

https://CubeSatSim.org/EducatorsGuide

AMSAT CubeSatSim

Preface

Introduction by David Vine, WA1EAW
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

New CubeSatSim Features and Capabilities
Building AMSAT CubeSatSims in the Classroom
CubeSatSim YouTube Playlist Links

AMSAT CubeSatSim Glossary

Radio Amateur Satellite Corp. Strategic Plan - 2021-
2031

Join AMSAT 32

32
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CubeSatSim...

in the Classroom

Villanova University, PA Electrical and Computer
Engineering Freshman Projects by Alan Johnston,
KU2Y and Xun Jao, 6 CubeSatSims built

Johns Hopkins University, MD, Drew Knuth is using

CubeSatSims and Lites in a Small Satellite
Development and Experimentation capstone
graduate class

University of Texas at Dallas, TX, Kangkook Jee,
Tanner Raley, Fred Enrriquez organized a satellite
workshop at University of Texas at Dallas

2025 and 2026

lowa State University, IA building CubeSatSims in
Make to Innovate (M2l) and Cy Sat program,
organized by Matthew Nelson

at Events

DEFCON Aerospace Village, NV
Henry Danielson and Tim Fowler, KFOMLF

Workshop by RC Jones “How to Corrupt Youth
to Cyber Focused Space Science”

Aerospace Village Sandbox at the RSA
Conference

Thomas Jefferson High School for Science and
Technology in Alexandria by Kristen Kucko,
KQ4ECP

University of Colorado, Colorado Springs,
Mechanical and Aerospace Engineering
Department by Dr Lynnane George, Senior
Instructor

33
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CubeSatSim Can Be Upgraded to 2U
https://github.com/alanbjohnston/CubeSatSim/wiki/Upgrading-to-2U
© REMOVE BEFORE FLIGHT
34
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Questions?

Contact Alan at ku2y@arrl.net

https://CubeSatSim.org

https://www.amsat.org

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

AMSAT CubeSatSim 35
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6V Solar
Panels

DC Input 5V
UsB-C

CubeSatSim Block Diagram v2.0

Battery and 3.3 V Power over GPIO
n Battery Command
Solar Board Main MPUG050 & Data
Pico WH Gyro Handling
RBF micro- Sansor 3 cell 4V NiMH (C&DH)
Switch controller Battery
12C measo Pack PiZero 2
Single Board
Pressure Computer (SBC)
/ Temp
Sensor
Current/ JST cable JST cable Current/ Temp
Voltage [Pt Voltage Sensor
Sensor ¢ Sensor
™ ommuni-
N Transceiver cations
[ Board (comMs)
" LPFonGPIO [~
Tape with LPF clock Tepe GPIO bus
Measure Measure (12C, UART uUsSB
swua PWM | [ Audio | UART s serial, GPlo| | OTG
2c antanna; Audio out serial Clock  antenna 12¢ clock, PWM)|  |cable
Data Bus over GPIO 2.5mm to 3.5mm audio jumper mic UsB
»{ sound
card
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