AMSAT Fox-1 Systems Engineering Documentation

By Jerry Buxton, NOJY
Fox-1 Systems Engineer
n0jy@amsat.org

The AMSAT Fox program introduced a new engineering process for AMSAT in which
engineering documentation is provided at each stage of development. We are archiving all of this
documentation on an on-line, backed-up, version control server. When the satellite has been
completed, we will have an archive of traceable documentation. This can serve as the basis for
planning and executing future satellite programs and can be updated to apply the lessons learned
of what went well and what did not.

AMSAT is a truly unique organization in that we are a non-profit corporation that manufactures
satellites using a geographically distributed, all-volunteer engineering staff. There are no
common or established guidelines to cover our situation. As such, the Fox program engineering
practices are themselves a work in progress. The practices used are drawn from industry
sources, especially NASA' and IEEE.

AMSAT has adopted a common industry scheme known as numbered requirements. Each
individual requirement has a unique number assigned to it. The number allows a very precise
reference to a specific requirement and this enhances the overall traceability of the specifications.
Design documents use these references to show which module or subsystem is responsible and
how they are meeting each of the requirements. The requirements are tracked throughout the
documents using requirements tracking software, from the ConOps down to the test results, in
order to verify that all requirements are properly implemented.

Due to US State Department ITAR? restrictions, our document server is only available to project
members who have been vetted to meet the requirements for a "US-person." AMSAT, as an
educational organization, would like to publicly release the majority of our design
documentation to serve as a learning tool to anyone interested in satellite development. However,
this must be done in a specific way to meet the ITAR requirements. The information must first
be released via an openly available publication.

We would also like to be able to discuss our satellite projects with our own members, some of
whom are not "US-persons" per ITAR. These AMSAT Space Symposium proceedings provide a
convenient mechanism for the needed publication in order to make this information public
domain and allow us to communicate with our members.

While the Concept of Operations (ConOps) and System Requirements Specification were
published in the Proceedings of the AMSAT-NA 29" Space Symposium and AMSAT-NA Annual
Meeting, the System Requirements Specification has undergone changes and will be reproduced
in these Space Symposium proceedings.



In addition these proceedings will also present new engineering documents including the System
Design Specification, Experiment Payload Requirements, IHU to RF System Interface Control
Document, IHU to PSU Interface Control Document, IHU to Battery Interface Control
Document, IHU to Attitude Determination Experiment Interface Control Document, and THU
Software Architecture Specification. An introduction to each of these documents follows.

The System Requirements Specification is a document that provides the top level technical
specifications derived from the ConOps. This document describes what the system should do.
The inputs, outputs, functions, mass, volume, environment and other external characteristics are
included and specified in the system requirements. The level of detail for each requirement is
specifically chosen to provide a clear definition of what the systems will do without too much
specific detail or declaring how it will be done. This allows the engineers latitude in designing
the best approach to satisfying the requirement.

The Avionics System Design Specification is a document that does provide specific details of
how the system will be designed. The specifications are based on best design choices
determined by the teams. The signals, connections, connectors, volume, and requirements
specific to each system are stated in this document so that each system will fit together and
function with the other systems.

The Experiment Payload Requirements are a smaller level of system requirements written
specifically for the Penn State student designed attitude determination system. While the actual
system designed by the students was not constructed before their graduation, the experiment
payload system design itself will be incorporated onto the IHU board and this document
describes the necessary functions of the system although revised to remove the physical
requirements of a separate printed circuit board.

The Interface Control Documents (ICD) for the IHU to RF System, IHU to PSU, IHU to Battery,
and THU to Attitude Determination Experiment set the requirements for connections and
communication between the [HU and the various systems. Each of the systems sends telemetry
measurements and other signals to the [HU. The IHU sends telemetry audio and control signals
to the RF System. The ICD allows the systems teams to work independently, knowing that their
systems will interface successfully.

The THU Software Architecture Specification provides the design specifications needed for the
software design and operation of the Internal Housekeeping Unit.

The engineering documents published in these proceedings are what was available at time
needed for inclusion and are intended to be interesting and informative. They may have changed
since publication. AMSAT intends to continue to make the majority of the final technical
documents, exclusive of satellite control information, available in future publications.

Some other documents are included in these proceedings because they contain additional
information about Fox-1 that may be of interest to our members.



Also included here are Antenna Details showing the EZNEC 5.0+ models of the 2 meter and 70
centimeter antennas used on the satellite. Thank you to David Ping, WB6DP.

The IHU Software Components is included to show a breakdown of the software systems that
were developed and written for the STMicroelectronics STM32L151 ultra-low-power 32-bit
MCU, used for the IHU. Thank you to Bill Reed NX5R.

The Fox-1 Downlink Power Amplifier is a presentation of the findings during the prototype
testing of the 2 meter PA that will be used for RF downlink. Thank you to Marc Franco, N2UO.

Receiving FOX-1 Satellite on 2 meters is a link budget for the 2 meter downlink based on the
400 mW (minimum) output of the Fox-1 power amplifier. Thank you to Tony Monteiro,
AA2TX.

The Fox-1 Experimental Payload document is an IEEE presentation of their experiment given by
the Penn State students. Thank you to Mike Corona, Brandon Marvenko, and Edward Pizzella.

' NASA Systems Engineering Handbook, NASA/SP-2007-6105 Rev1
? International Traffic in Arms Regulations, see:
http://www.pmddtc.state.gov/regulations_laws/itar_official.html
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System Requirements Specification

1 Introduction

This document specifies the system level technical requirements for the AMSAT Fox-1
satellite project. This 1 Unit CubeSat is a part of the AMSAT Fox program and includes a
subset of the technical capabilities envisioned for the overall program.

Fox-1 is specifically intended as a replacement for the failing AMSAT Echo (i.e. AO-51)
satellite. Echo has been the most widely used amateur satellite due to its ability to provide
basic radio communications with very simple ground station equipment. Its FM repeater
provides very wide geographical coverage allowing amateur radio operators to
communicate over substantial distances using just a handheld transceiver (i.e. a walkie-
talkie) and a small handheld antenna. This so called "EasySat" mode is extremely
valuable in providing an introduction to satellite communications and is often used for
demonstrations given at schools, to scouting organizations and at amateur radio publicity
events. Fox-1 will not duplicate all of the features and modes of Echo but its primary
mission is to provide an FM Transponder in order to allow continued access to this
EasySat mode of communications.

In addition to its mission as a communications satellite, Fox-/ will host an experiment
payload. The satellite will reserve mass and volume for the experiment and will provide
DC power and a communications facility. The experiment is expected to be provided by
students at Penn State University — Erie through an AMSAT sponsored senior design
project.
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1.1 Document History
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DATE VERSION SUMMARY
October 5, 2011 1.0 From Draft E
October 8, 2011 1.01 Fix typos in sections 1.2 and 3.5
October 9, 2011 1.02 Add Requirements Tracking
October 23, 2011 1.03 Additional Requirements Tracking
February 21, 2012 1.04 Update Section 3 and Formatting changes
April 18, 2012 1.05 Correction in Section 4
April 22, 2012 1.06 Correct link in Section 1.4 item 2
April 29, 2012 11 Revised 3.12.3, 3.12.7, 3.12.8, 3.13.3,
3.13.4, figure 1 to remove RESET and add
IHU OFF and IHU ON commands
August 2, 2012 1.11 Added hidden text for requirements tracking
to be shown in System Design Specification
September 4, 2012 1.12 Added the previously missing “Table 6”

label

A
ap"

AMSAT



AMSAT Fox-1
System Requirements

1.2 Document Scope

The purpose of this document is to specify the technical requirements of the satellite at
the system (i.e. "black box") level. It is intended to be used by the hardware, software and
mechanical designers to develop the architecture/high-level design specifications. It is
also intended to be used for test planning and development.

1.3 Document Format

This document provides the requirements in numbered format. Each requirement is
assigned a unique number. Additional information such as comments or examples that
are provided for guidance or clarity is italicized to distinguish them from requirements.

1.4 References

1. AMSAT Fox-1, Concept of Operations, Version 1.0, September 19, 2011

2. CubeSat Design Specification Rev. 12. by The CubeSat Program Cal Poly SLO
available from: http://www.cubesat.org/images/developers/cds_rev12.pdf

3. Launch Services Program, Program Level Poly Picosatellite Orbital Deployer
(PPOD) and CubeSat Requirements Document LSP-REQ-317.01 Revision Basic
(from NASA)

4. ITU Radio Regulations, Edition of 2008. available from
http://www.itu.int/publ/R-REG-RR-2008/en
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2 General Requirements

2.1 CubeSat Requirements

2.1.1 The satellite shall meet the requirements specified in the CubeSat Design
Specification Rev. 12.

2.1.2 The satellite shall meet the requirements specified in the NASA LSP-REQ-
317.01 Revision Basic.

2.1.3 The satellite shall meet the requirements for a 1 unit (single) CubeSat.

2.1.4 The satellite shall provide mass for an experiment payload up to 100 g.

2.1.5 The satellite shall provide volume for an experiment payload up to 95 x 95
X 15.7 mm.

2.2 Environmental Requirements

2.2.1 The satellite avionics shall be designed for -40C to +70C operating
temperature.

2.2.2 The satellite shall be designed to operate in a 650 km, sun-synchronous,
circular orbit.

2.2.3 The satellite shall be designed to tolerate the radiation environment in
orbit.

2.3 Reliability Requirements

2.3.1 The satellite shall be designed for a minimum 5-year, on-orbit lifetime.

2.4 RF Frequency Requirements

2.4.1 All RF transmitters shall meet or exceed the requirements specified in the
ITU Radio Regulations, Technical Characteristics, Volume 3, article 3.

2.4.2 All satellite uplinks shall be in the 70 cm band of the amateur satellite
service.

2.4.3 All satellite downlinks shall be in the 2 meter band within the amateur
satellite service.

2.4.4 All satellite transmitter and receiver frequencies shall deviate by no more
than 5 parts-per-million from the specified values including initial accuracy
and temperature variation.

2.4.5 All satellite frequencies shall be coordinated with the IARU.

Note that the band plan with the actual coordinated frequencies will be specified in a
separate document.
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3 Functional Requirements

3.1 Antenna System

3.1.1 The satellite shall include a deployable antenna system.

3.2 Attitude Control

3.2.1 The satellite shall incorporate passive magnetic stabilization to align the
deployed antennas with the magnetic field of the earth.

3.3 Access Ports

3.3.1 The satellite shall include a "Remove Before Flight" pin as per the CubeSat
Design Specification.

3.3.2 The satellite shall include an umbilical port as per the CubeSat Design
Specification.

3.4 Pre-launch Features

3.4.1 The satellite battery and photovoltaic panels shall be electronically
disconnected from the avionics when the "Remove Before Flight" pin is
inserted, regardless of the state of the deployment switch(es).

3.4.2 The satellite shall provide the means to charge the battery via the umbilical
port while integrated with the P-POD.

3.4.3 The satellite shall provide the means to run diagnostic tests via the
umbilical port while integrated with the P-POD.

3.5 Power

3.5.1 The satellite shall produce electrical power from sunlight.

3.5.2 The satellite shall produce electrical power while in sunlight regardless of
orientation and while tumbling or spinning.

3.5.3 The satellite shall produce sufficient average electrical power to operate
continuously in the orbit of maximum eclipse.

3.5.4 The satellite shall provide sufficient battery capacity to operate
continuously in the orbit of maximum eclipse.

3.5.5 If the battery fails, including a short-circuit condition, the satellite shall
continue to operate using only the photovoltaic panel power when in
sunlight.
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3.6 Experiment

3.6.1 The satellite shall provide current limited DC power for an experiment
payload.

3.6.2 The satellite shall provide a means to activate and deactivate the
experiment payload.

3.6.3 The satellite shall provide a means to telemeter data from the experiment
payload.

Note that the experiment payload will be specified in a separate document.

3.7 RF Uplink

3.7.1 The satellite shall include an FM uplink receiver.
3.7.2 The receiver shall have specifications as shown in Table 1.

Table 1

Sensitivity -120 dBm for 12 dB SINAD (min.)
FM Deviation 5kHz

Audio Bandwidth 3 kHz

Input Frequency Acceptance | Receiver shall accept signals that are off
frequency by +2.5 kHz (min.)

3.8 RF Downlink

3.8.1 The satellite shall include an FM downlink transmitter.
3.8.2 The transmitter shall have specifications as shown in Table 2.

Table 2

Power Output 400 mW (min.)
FM Deviation 5 kHz

Audio Bandwidth | 3 kHz
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3.8.3 The transmitter shall provide a means to prevent over modulation.

3.9 FM Transponder

3.9.1 The satellite shall provide an FM transponder via the RF uplink and RF
downlink.

3.9.2 The transponder shall detect the presence of a 67 Hz CTCSS tone on the
uplink.

3.9.3 The downlink transmitter shall be keyed (i.e. PTT-on) for 2 minutes
following detection of the 67 Hz CTCSS tone.

3.9.4 The downlink transmitter shall stay on continuously as long as the 67 Hz
CTCSS tone is detected at least once every 2 minutes on the uplink.

3.9.5 The 67 Hz CTCSS tone is not required for a received signal to be repeated
on the downlink, once the transmitter has been keyed.

3.9.6 If the downlink transmitter has been un-keyed for a period of 5 minutes, the
satellite shall send " HI THIS IS AMSAT FOX " in Morse code via a keyed
audio tone on the downlink transmitter.

3.9.7 The satellite shall default to Transponder Mode in the event of an IHU
processor failure.

3.10 Telemetry Data

3.10.1 The satellite shall collect telemetry data.
3.10.2 The telemetry data shall include measured parameters as shown in Table

3.

Table 3

Parameter Name | Description

CELL V Voltages of battery cells
PANEL V Voltages of solar panels
TOTAL I Total DC current out of power system
PA'1 DC current into RF power amp
BATTERY T Temperature of battery
PANEL T Temperatures of solar panels
PAT Temperature of RF power amp
OSCT Temperature of RF oscillators

3.10.3 The measured parameters shall be sampled at least every 15 seconds.

3.10.4 The minimum and maximum values of each of the measured parameters
shall be saved in non-volatile memory.

3.10.5 The telemetry data shall also include calculated parameters as shown in
Table 4.
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Table 4
Parameter Name | Description
UP TIME Total seconds since avionics power-up or reset
SPIN Satellite spin rate and direction

3.10.6 A telemetry frame shall include the current measured values, the saved
minimum and maximum values, and the current calculated values.

Note that the telemetry interface will be specified in a separate document.

3.11 Telemetry Transmission

3.11.1 The satellite shall send telemetry using FSK on the RF downlink.
3.11.2 The FSK shall use the frequency spectrum below the audible range.

3.11.3 The telemetry shall be transmitted simultaneously with any transponder
communications.

3.11.4 The telemetry transmission shall include telemetry frames.
3.11.5 The telemetry transmission shall include experiment data.

3.12 Command Capability

3.12.1 The satellite shall provide the means to process commands sent via the
RF uplink from a ground control station.

3.12.2 The commands received via the RF uplink shall not be repeated on the
RF downlink.

3.12.3 The following commands shall be provided, as shown in Table 5.

Table 5
Command Operation
TEST Send test message
INHIBIT Inhibit RF transmission
IHU OFF Power off IHU
IHU ON Power on [HU
CLEAR Clear stored telemetry
TRANSPONDER MODE | Enter Transponder Mode
COMMAND MODE Enter Command Mode
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3.12.4 A TEST command shall cause the satellite to respond by sending " TEST
TEST TEST " in Morse code via a keyed audio tone on the RF downlink.

3.12.5 An INHIBIT command shall cause the satellite to cease RF transmissions.

3.12.6 Any command other than INHIBIT shall remove a transmit inhibit
condition.

3.12.7 An IHU OFF command shall cause the IHU System to power off.
3.12.8 An IHU ON command shall cause the IHU System to power on.

3.12.9 A CLEAR command shall cause the satellite to clear the saved minimum
and maximum telemetry parameter values.

3.12.10 A TRANSPONDER MODE command shall cause the satellite to enter
the Transponder Mode.

3.12.11 A COMMAND MODE command shall cause the satellite to enter the
Command Mode.

Note that the control interface will be specified in a separate document.
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3.13 On-Orbit Operating Modes

3.13.1 The satellite shall provide on-orbit operating modes as shown in Table 6.

Table 6
Name Description
Startup Mode Wait 45 minutes and deploy antennas
Transponder Mode FM transponder and telemetry active
Command Mode Telemetry active, no FM transponder

3.13.2 The satellite shall transition between modes as shown in Figure 1.

Figure 1. On-Orbit Operating Modes
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3.13.3 Upon power-up of the avionics, the satellite shall begin operation from the
"Power-up" state as shown in Figure 1.

3.13.4 An IHU ON Command shall cause the satellite to begin operation from the
"Power-up " state as shown in Figure 1.

3.13.51If the antennas have been deployed, the satellite shall enter the
Transponder Mode.

3.13.6 If the antennas have not been deployed, the satellite shall enter the
Startup Mode.

3.13.7 In Startup Mode, the satellite shall wait 45 minutes, deploy the antennas
and then enter Transponder Mode.

3.13.8 In Transponder Mode, the transponder and the telemetry shall be active.

3.13.9 In Command Mode, the telemetry shall be active and the transponder
shall not be active. (i.e. signals that appear on the uplink shall not be
repeated on the downlink.)

3.13.10 If another Command Mode command is not received, the satellite shall
automatically enter Transponder Mode 24 hours after having entered
Command Mode.

3.13.11 The RF uplink shall be monitored for commands in all modes.

4 External Interface Documents

To fully specify the satellite technical requirements, the following documents
must also be provided;

1. IARU Coordinated Frequency Plan

2. Telemetry Interface Specification

3. Control Interface Specification

4. Experiment Payload Specification

5 Summary

The Fox-1 satellite will be AMSAT's first CubeSat. Its primary mission is to
provide an FM Transponder communications capability. The secondary mission
is to host a university-provided experiment payload.
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Avionics System Design Specification

1 Introduction

This document contains the system level design specifications for the AMSAT Fox-1 satellite
avionics systems. It is driven by the System Requirements Specification and other
documents provided by the developers of the individual systems that make up the satellite

system.
1.1. Document Histor
DATE VERSION SUMMARY
February 21, 2012 1.0 From Draft F
April 9, 2012 11 Add signal characteristics, update bus pin connections per
System Team input
April 17, 2012 1.2 Add external connector specification in sections 2.6, 2.12
and 2.14 and references in section 6
April 18, 2012 1.21 Add MMCX connectors gender
April 22, 2012 1.3 Minor corrections in signal characteristics, remove +Z
antenna deploy and sensor connections
July 10, 2012 2.0 Many revisions from PDR
July 11, 2012 2.01 One RBF pin removed from bus pin assignments, updated
2.1 interconnect diagram, updated 2.1 signal characteristics
July 21, 2012 2.1 Revised bus signals, bus pin assignments
Updated RF block diagram
July 22, 2012 2.11 Revision to some RF signal descriptions, change
antenna/coax connectors to UMCC type, updated RF block
diagram, added driving and load system columns to signal
characteristics
September 9, 2012 3.0 Major changes.
September 11, 2012 3.01 Defunct IHU block diagram pending update
September 12, 2012 3.1 Added PCB volume requirements
September 23, 2012 3.11 Change TX PTT to RX PTT, -Z Deploy switches to TX,
update figures and tables accordingly
September 26, 2012 3.12 Update bus and pin assignment drawings
September 27, 2012 3.13 Update bus pin assignment drawings
September 30, 2012 3.14 Update RF block diagram to remove ITAR notice
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1.2. Document Scope

The purpose of this document is to specify the avionics systems and their connections to each
other and to external components for the satellite. It is intended to be used by the hardware,
software, and mechanical designers to develop the architecture and interconnections for the
satellite avionics systems.

1.3. Document Format

This document provides these elements in a numbered format. The numbered sections
specify each major system in the satellite while numbered items for each system specify the
external connections required and the number of lines for each connection. Satellite bus and
external connections are further described in figures and tables.

Where System Requirements are reproduced their numbers are from the AMSAT Fox-1
System Requirements Specification.

1.4. References

AMSAT Fox-1 ConOps

AMSAT Fox-1 System Requirements Specification

AMSAT Fox-1 Bus Signal Connections Diagram

AMSAT Fox-1 Bus Pin Assignment

AMSAT Fox-1 Avionics System Design Specification Spreadsheet
AMSAT FOX-ME-112 PCB_ASSY .pdf

AMSAT FOX-ME-114 BATTERY_ ASSY .pdf
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Table 1: System Bus Signal Characteristics

Pin Nomenclature Type Voltage Source System Load Z Load System Notes

1 SPI1 NSS Digital Note' IHU EXP 1-4 SPI Standard, IHU Master

2 TX PA Current Analog 0-3.0V TX 30 - 60 kQ IHU

3 SPI1 SCK Digital Note' IHU EXP 1-4 SPI Standard, IHU Master

4 TX PA Temperature Analog 100-2000 mV TX 30-60 kQ IHU Analog Devices TMP36F

5 SPI1 MISO Digital Note' IHU EXP 1-4 SPI Standard, IHU Master

6 TX Osc Temperature Analog 100-2000 mV TX 30-60 kQ IHU Analog Devices TMP36F

7 SPI1 MOSI Digital Note' IHU EXP 1-4 SPI Standard, IHU Master

8 RX Osc Temperature Analog 100-2000 mV RX 30-60 kQ IHU Analog Devices TMP36F

9 Serial RXD Digital 3.0V EXP 1-4 IHU TTL, Async, Mark High

10 |*RESERVED*

11 |Serial TXD Digital 3.0V IHU EXP 1-4 TTL, Async, Mark High

12 |IHU Audio 1 Out Analog 2 V p-p audio IHU 600 Q, Unbalanced TX For 5 kHz deviation, 10 Hz - 7 kHz bandwidth
13 |Experiment Enable 1 Digital IHU EXP 1-4 HIGH = Enable EXP 1

14 |IHU Audio 2 Out Analog N/A IHU N/A TX *RESERVED FOR FUTURE USE*
15 |Experiment Enable 2 Digital IHU EXP 2 HIGH = Enable EXP 2

16 |RX Command Data 8 Digital RX IHU

17 |Experiment Enable 3 Digital IHU EXP 3 HIGH = Enable EXP 3

18 |RX Command Data 9 Digital RX IHU

19 |Experiment Enable 4 Digital IHU EXP 4 HIGH = Enable EXP 4

20 |RX Command Data 10 Digital RX IHU

21 |*RESERVED*

22 |RX Command Data 11 Digital RX TX

23 |I’)c1scL Digital Note' IHU 12C Standard, IHU Master
24 |RX Command Strobe Digital RX 30-60 kQ IHU

25 |I°C1SDA Digital Note' IHU 12C Standard, IHU Master
26 |COMMAND Mode Digital IHU TX HIGH = Command Mode
27 |*RESERVED*

28 |IHUPTT Digital IHU TX HIGH = TRANSMIT

29 |*RESERVED*

30 |RXPTT Digital X 30-60 kQ IHU HIGH = HANG TIMER ACTIVE
31 |*RESERVED*

32 |RXCD Digital RX 30 - 60 kQ IHU

33 |*RESERVED*

34 |RX Audio 1 Analog 2V p-p audio RX 600 Q, Unbalanced IHU 10 Hz - 7 kHz bandwidth
35 |*RESERVED*

36 |RX Audio 2 Analog N/A RX N/A IHU *RESERVED FOR FUTURE USE*
37 |I’C2sCL Digital Note' IHU PSU 12C Standard, IHU Master
38 |Comp Lim Analog 1.4VDC RX 100 kQ TX

39 |I’C2 SDA Digital Note' IHU PSU 12C Standard, IHU Master
40 |RBF1 Analog N/A RBF N/A PSU N.O. for operation

41 |+Z Thermistor Analog N/A EXT N/A PSU NCP21XM472J03RA

42 |RBF2 Analog N/A RBF N/A PSU N.O. for operation

43 |-Z Thermistor Analog N/A EXT N/A PSU NCP21XM472J03RA

44 |TX Antenna Deploy Analog TBR IHU TBR PSU Not designed yet

45 |+ZCIC Analog 0.1-3VDC EXT N/A PSU

46 |TX Antenna Sensor Digital N/A IHU N.O. PSU N.O. when deployed

47 |-ZCIC Analog 0.1-3VDC EXT N/A PSU

48 |RX Antenna Sensor Digital N/A IHU N.O. PSU N.O. when deployed

49 |Umbilical USBP Digital usB IHU USB Standard

50 |RX Antenna Deploy Analog TBR IHU TBR PSU Not designed yet

51 |Umbilical USBM Digital usB IHU USB Standard

52 |-Z Deploy Switches Analog N/A EXT N/A PSU TBR - (N.O. = OPERATE?)
53 |Umbilical Ext 5V Supply USB <5.0VDC usB IHU/PSU Battery Charge Supply, USB Standard
54 |Umbilical Ext 5V Supply UsB <5.0VDC usB IHU/PSU Battery Charge Supply, USB Standard
55 |Umbilical Ext 5V Supply USB <5.0VDC usB IHU/PSU Battery Charge Supply, USB Standard
56 |Umbilical Ext 5V Supply USB <5.0VDC uUsB IHU/PSU Battery Charge Supply, USB Standard
57 |[Vbatt Power Bus | 3.3-4.2VDC BATT/PSU ALL

58 |Vbatt Power Bus | 3.3-4.2VDC BATT/PSU ALL

59 |Vbatt Power Bus | 3.3-4.2VDC BATT/PSU ALL

60 |Vbatt Power Bus | 3.3-4.2VDC BATT/PSU ALL

Note' All SPI and I?C signals are 3.0 V levels All Digital signals are CMOS logic levels high impedance load unless otherwise noted
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3 RF Transmitter System

3.1 System Requirements Applicable to RF Transmitter System

2.2.1 The satellite avionics shall be designed for -40C to +70C operating temperature.
2.2.3 The satellite shall be designed to tolerate the radiation environment in orbit.
2.3.1 The satellite shall be designed for a minimum 5-year, on-orbit lifetime.

2.4.1 All RF transmitters shall meet or exceed the requirements specified in the ITU
Radio Regulations, Technical Characteristics, Volume 3, article 3.

2.4.3 All satellite downlinks shall be in the 2 meter band within the amateur satellite
service.

2.4.4 All satellite transmitter and receiver frequencies shall deviate by no more than 5
parts-per-million from the specified values including initial accuracy and temperature
variation.

2.4.5 All satellite frequencies shall be coordinated with the IARU.

3.8.1 The satellite shall include an FM downlink transmitter.

3.8.2 The transmitter shall have specifications as shown in Table 2.

Power Output 400 mW (min.)
FM Deviation 5 kHz
Audio Bandwidth | 3 kHz

3.8.3 The transmitter shall provide a means to prevent over modulation.

3.9.1 The satellite shall provide an FM transponder via the RF uplink and RF downlink.

3.9.2 The transponder shall detect the presence of a 67 Hz CTCSS tone on the uplink.

3.9.3 The downlink transmitter shall be keyed (i.e. PTT-on) for 2 minutes following
detection of the 67 Hz CTCSS tone.

3.9.4 The downlink transmitter shall stay on continuously as long as the 67 Hz CTCSS
tone is detected at least once every 2 minutes on the uplink.

3.9.5 The 67 Hz CTCSS tone is not required for a received signal to be repeated on the
downlink, once the transmitter has been keyed.

3.9.6 If the downlink transmitter has been un-keyed for a period of 5 minutes, the
satellite shall send " HI THIS IS AMSAT FOX " in Morse code via a keyed audio tone
on the downlink transmitter.

3.9.7 The satellite shall default to Transponder Mode in the event of an IHU processor
failure.

3.10.1 The satellite shall collect telemetry data.
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3.10.2 The telemetry data shall include measured parameters as shown in Table 3.

Parameter Name | Description

CELL V Voltages of battery cells

PANEL V Voltages of solar panels

TOTAL Total DC current out of power system
PA1 DC current into RF power amp
BATTERY T Temperature of battery

PANEL T Temperatures of solar panels

PAT Temperature of RF power amp
OSCT Temperature of RF oscillators

3.10.3 The measured parameters shall be sampled at least every 15 seconds.

3.11.1 The satellite shall send telemetry using FSK on the RF downlink.

3.11.2 The FSK shall use the frequency spectrum below the audible range.

3.11.3 The telemetry shall be transmitted simultaneously with any transponder
communications.

3.12.1 The satellite shall provide the means to process commands sent via the RF uplink
from a ground control station.

3.12.2 The commands received via the RF uplink shall not be repeated on the RF
downlink.

3.12.3 The following commands shall be provided, as shown in Table 5.

Command Operation

TEST Send test message
INHIBIT Inhibit RF transmission
IHU OFF Power off [HU

IHU ON Power on [HU

CLEAR Clear stored telemetry
TRANSPONDER MODE Enter Transponder Mode
COMMAND MODE Enter Command Mode

3.12.4 A TEST command shall cause the satellite to respond by sending " TEST TEST
TEST " in Morse code via a keyed audio tone on the RF downlink.

3.12.5 An INHIBIT command shall cause the satellite to cease RF transmissions.

3.12.6 Any command other than INHIBIT shall remove a transmit inhibit condition.
3.12.10 A TRANSPONDER MODE command shall cause the satellite to enter the
Transponder Mode.

3.12.11 A COMMAND MODE command shall cause the satellite to enter the Command
Mode.

3.13.1 The satellite shall provide on-orbit operating modes as shown in Table 6.

Name Description

Startup Mode Wait 45 minutes and deploy antennas
Transponder Mode FM transponder and telemetry active
Command Mode Telemetry active, no FM transponder

3.13.5 If the antennas have been deployed, the satellite shall enter the Transponder
Mode.
3.13.8 In Transponder Mode, the transponder and the telemetry shall be active.
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3.13.9 In Command Mode, the telemetry shall be active and the transponder shall not be
active. (i.e. signals that appear on the uplink shall not be repeated on the downlink.)

3.2 Volume Requirements Applicable to RF Transmitter System

3.2.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 5 mm
from the —Z surface of the PC board.

3.2.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 6.0 mm
from the +Z surface of the PC board.

3.3 Interface Control Documents Applicable to RF Transmitter System
AMSAT Fox-1 IHU to RF System Interface Control Document
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3.4 RF Transmitter System PCB Bus Connections
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3.5 RF Transmitter System PCB External Connections
3.5.1 2 meter band RF output, coaxial cable to Transmit Antenna
3.5.2 Spacecraft deployment switches cable(s) TBR
3.5.3 Three connections via Samtec FSI-105-06-L-S-AD connector
3.5.3.1 1 contact -Z Solar Panel Thermistor
3.5.3.2 1 contact -Z Solar Panel CIC +
3.5.3.3 1 contact common or - for above four connections
Table 2: External Connection Signal Characteristics
External Voltage/
Connection Nomenclature Type Power | Source System Load 2 Bus Pin
2 meter Ant = 145.9 0to+30 2 met
Coaxial Cable meter Antenna RF oF meter 50 Q unbal. N/A
MHz dBm Antenna
Spacecraft Deployment .
Cable TBR . Analog N/A Switch N/A 52
Switches
Table 3: -Z PCB face FSI-105-06-L-S-AD connector mates to pads on —Z Solar Panel
Pin Nomenclature Type Voltage | Source System Load 2 Load System | Bus Pin
1 |-Z Thermistor Analog N/A N/A N/A PSU 43
2 |-Z Deploy Switches Analog N/A N/A N/A PSU 52
Ground
3 -Z Solar Panel Common Plane
4 N/C
2.66 VDC
5 |-ZCIC(+) Analog nominal N/A N/A PSU 47
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4 RF Receiver System

4.1 System Requirements Applicable to RF Receiver System

2.2.1 The satellite avionics shall be designed for -40C to +70C operating temperature.
2.2.3 The satellite shall be designed to tolerate the radiation environment in orbit.
2.3.1 The satellite shall be designed for a minimum 5-year, on-orbit lifetime.

2.4.2 All satellite uplinks shall be in the 70 cm band of the amateur satellite service.
2.4.5 All satellite frequencies shall be coordinated with the IARU.

3.7.1 The satellite shall include an FM uplink receiver.

3.7.2 The receiver shall have specifications as shown in Table 1.

Sensitivity -120 dBm for 12 dB SINAD (min.)
FM Deviation 5 kHz
Audio Bandwidth 3 kHz

Input Frequency Acceptance | Receiver shall accept signals that are off
frequency by +2.5 kHz (min.)

3.8.3 The transmitter shall provide a means to prevent over modulation.
3.9.1 The satellite shall provide an FM transponder via the RF uplink and RF downlink.
3.9.2 The transponder shall detect the presence of a 67 Hz CTCSS tone on the uplink.
3.9.4 The downlink transmitter shall stay on continuously as long as the 67 Hz CTCSS
tone is detected at least once every 2 minutes on the uplink.

3.9.5 The 67 Hz CTCSS tone is not required for a received signal to be repeated on the
downlink, once the transmitter has been keyed.

3.9.7 The satellite shall default to Transponder Mode in the event of an IHU processor
failure.

3.10.1 The satellite shall collect telemetry data.

3.10.2 The telemetry data shall include measured parameters as shown in Table 3.

Parameter Name | Description

CELLV Voltages of battery cells

PANEL V Voltages of solar panels

TOTAL Total DC current out of power system
PA1 DC current into RF power amp
BATTERY T Temperature of battery

PANEL T Temperatures of solar panels

PAT Temperature of RF power amp
OSCT Temperature of RF oscillators

3.10.3 The measured parameters shall be sampled at least every 15 seconds.

3.12.1 The satellite shall provide the means to process commands sent via the RF uplink
from a ground control station.

3.12.2 The commands received via the RF uplink shall not be repeated on the RF
downlink.
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3.12.3 The following commands shall be provided, as shown in Table 5.
Command Operation
TEST Send test message
INHIBIT Inhibit RF transmission
IHU OFF Power off [HU
IHU ON Power on [HU
CLEAR Clear stored telemetry
TRANSPONDER MODE Enter Transponder Mode
COMMAND MODE Enter Command Mode
3.12.10 A TRANSPONDER MODE command shall cause the satellite to enter the
Transponder Mode.

3.12.11 A COMMAND MODE command shall cause the satellite to enter the Command
Mode.

3.13.1 The satellite shall provide on-orbit operating modes as shown in Table 6.

3.13.5 If the antennas have been deployed, the satellite shall enter the Transponder
Mode.

3.13.8 In Transponder Mode, the transponder and the telemetry shall be active.

3.13.9 In Command Mode, the telemetry shall be active and the transponder shall not be
active. (i.e. signals that appear on the uplink shall not be repeated on the downlink.)
3.13.11 The RF uplink shall be monitored for commands in all modes.

4.2 Volume Requirements Applicable to RF Receiver System

4.2.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 1 mm
from the —Z surface of the PC board.

4.2.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 6.0 mm
from the +Z surface of the PC board.

4.3 Interface Control Documents Applicable to RF Receiver System
AMSAT Fox-1 THU to RF System Interface Control Document
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4.4 RF Receiver System PCB Bus Connections
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Figure 5: RF Receiver System Bus Connection Pin Assignments
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4.5 RF Receiver System PCB External Connections

4.5.1 70cm band RF input, coaxial cable to Receive Antenna

Table 4: RF Receiver System External Connection Signal Characteristics

A
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dBm

External Voltage/P
Connection Nomenclature Type ower | Source System Load 2 Bus Pin
-60 dBm
Coaxial Cable] 70 cm RF Input 437 MHz RF to -140 | 70 cm Antenna | 50 Q unbal. N/A
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5 Internal Housekeeping Unit (IHU) System

5.1 System Requirements Applicable to Internal Housekeeping Unit (IHU) System

2.2.1 The satellite avionics shall be designed for -40C to +70C operating temperature.
2.2.3 The satellite shall be designed to tolerate the radiation environment in orbit.
2.3.1 The satellite shall be designed for a minimum 5-year, on-orbit lifetime.

3.3.2 The satellite shall include an umbilical port as per the CubeSat Design
Specification.

3.4.3 The satellite shall provide the means to run diagnostic tests via the umbilical port
while integrated with the P-POD.

3.6.2 The satellite shall provide a means to activate and deactivate the experiment
payload.

3.6.3 The satellite shall provide a means to telemeter data from the experiment
payload.

3.9.6 If the downlink transmitter has been un-keyed for a period of 5 minutes, the
satellite shall send " HI THIS IS AMSAT FOX " in Morse code via a keyed audio tone
on the downlink transmitter.

3.9.7 The satellite shall default to Transponder Mode in the event of an IHU processor
failure.

3.10.1 The satellite shall collect telemetry data.

3.10.2 The telemetry data shall include measured parameters as shown in Table 3.

Parameter Name | Description

CELL V Voltages of battery cells

PANEL V Voltages of solar panels

TOTAL I Total DC current out of power system
PA'1 DC current into RF power amp
BATTERY T Temperature of battery

PANEL T Temperatures of solar panels

PAT Temperature of RF power amp
OSCT Temperature of RF oscillators

3.10.3 The measured parameters shall be sampled at least every 15 seconds.

3.10.4 The minimum and maximum values of each of the measured parameters shall be
saved in non-volatile memory.

3.10.5 The telemetry data shall also include calculated parameters as shown in Table 4.
Parameter Name | Description

UP TIME Total seconds since avionics power-up or reset
SPIN Satellite spin rate and direction

3.10.6 A telemetry frame shall include the current measured values, the saved minimum
and maximum values, and the current calculated values.

3.11.1 The satellite shall send telemetry using FSK on the RF downlink.

3.11.2 The FSK shall use the frequency spectrum below the audible range.

3.11.3 The telemetry shall be transmitted simultaneously with any transponder
communications.

3.11.4 The telemetry transmission shall include telemetry frames.
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3.11.5 The telemetry transmission shall include experiment data.

3.12.1 The satellite shall provide the means to process commands sent via the RF uplink
from a ground control station.

3.12.3 The following commands shall be provided, as shown in Table 5.

Command Operation

TEST Send test message
INHIBIT Inhibit RF transmission
IHU OFF Power off IHU

IHU ON Power on [HU

CLEAR Clear stored telemetry
TRANSPONDER MODE Enter Transponder Mode
COMMAND MODE Enter Command Mode

3.12.4 A TEST command shall cause the satellite to respond by sending " TEST TEST
TEST " in Morse code via a keyed audio tone on the RF downlink.

3.12.7 An IHU OFF command shall cause the IHU System to power off.

3.12.8 An IHU ON command shall cause the IHU System to power on.

3.12.9 A CLEAR command shall cause the satellite to clear the saved minimum and
maximum telemetry parameter values.

3.12.10 A TRANSPONDER MODE command shall cause the satellite to enter the

Transponder Mode.

3.13.1 The satellite shall provide on-orbit operating modes as shown in Table 6.
Name Description
Startup Mode Wait 45 minutes and deploy antennas
Transponder Mode FM transponder and telemetry active
Command Mode Telemetry active, no FM transponder
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3.13.2 The satellite shall transition between modes as shown in Figure 1.

3.12.11 A COMMAND MODE command shall cause the satellite to enter the Command
Mode.

3.13.3 Upon power-up of the avionics, the satellite shall begin operation from the
"Power-up" state as shown in Figure 1.

3.13.4 An IHU ON Command shall cause the satellite to begin operation from the
"Power-up " state as shown in Figure 1.

3.13.5 If the antennas have been deployed, the satellite shall enter the Transponder
Mode.

3.13.6 If the antennas have not been deployed, the satellite shall enter the Startup Mode.
3.13.7 In Startup Mode, the satellite shall wait 45 minutes, deploy the antennas and then
enter Transponder Mode.

3.13.8 In Transponder Mode, the transponder and the telemetry shall be active.

3.13.9 In Command Mode, the telemetry shall be active and the transponder shall not be
active. (i.e. signals that appear on the uplink shall not be repeated on the downlink.)
3.13.10 If another Command Mode command is not received, the satellite shall
automatically enter Transponder Mode 24 hours after having entered Command Mode.
3.13.11 The RF uplink shall be monitored for commands in all modes.
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5.2 Volume Requirements Applicable to IHU System

5.2.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 1 mm
from the —Z surface of the PC board.

5.2.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 6.0 mm
from the +Z surface of the PC board.

5.3 Interface Control Documents Applicable to IHU System

AMSAT Fox-1 IHU to RF System Interface Control Document

AMSAT Fox-1 IHU to PSU Interface Control Document

AMSAT Fox-1 IHU to Attitude Determination Experiment Interface Control Document
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5.4 Internal Housekeeping Unit (IHU) System PCB Bus Connections
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6 Power Supply System (PSU)

6.1 System Requirements Applicable to Power Supply System (PSU)

2.2.1 The satellite avionics shall be designed for -40C to +70C operating temperature.

2.2.3  The satellite shall be designed to tolerate the radiation environment in orbit.

2.3.1 The satellite shall be designed for a minimum 5-year, on-orbit lifetime.

3.3.1 The satellite shall include a "Remove Before Flight" pin as per the CubeSat Design
Specification.

3.4.1 The satellite battery and photovoltaic panels shall be electronically disconnected from
the avionics when the "Remove Before Flight" pin is inserted, regardless of the state of the
deployment switch(es).

3.4.2 The satellite shall provide the means to charge the battery via the umbilical port while
integrated with the P-POD.

3.5.1 The satellite shall produce electrical power from sunlight.

3.5.2 The satellite shall produce electrical power while in sunlight regardless of orientation
and while tumbling or spinning.

3.5.3 The satellite shall produce sufficient average electrical power to operate continuously in
the orbit of maximum eclipse.

3.5.4 The satellite shall provide sufficient battery capacity to operate continuously in the orbit
of maximum eclipse.

3.5.5 If the battery fails, including a short-circuit condition, the satellite shall continue to
operate using only the photovoltaic panel power when in sunlight.

3.6.1 The satellite shall provide current limited DC power for an experiment payload.
3.10.1 The satellite shall collect telemetry data.

3.10.2 The telemetry data shall include measured parameters as shown in Table 3.

Parameter Name | Description

CELLV Voltages of battery cells

PANEL V Voltages of solar panels

TOTAL I Total DC current out of power system
PA'1 DC current into RF power amp
BATTERY T Temperature of battery

PANEL T Temperatures of solar panels

PAT Temperature of RF power amp
OSCT Temperature of RF oscillators

3.10.3 The measured parameters shall be sampled at least every 15 seconds.
3.10.5 The telemetry data shall also include calculated parameters as shown in Table 4.

Parameter Name | Description
UP TIME Total seconds since avionics power-up or reset
SPIN Satellite spin rate and direction

6.2 Volume Requirements Applicable to PSU System

6.2.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 1 mm
from the —Z surface of the PC board.
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6.2.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 3.0 mm
from the +Z surface of the PC board within the area 0 to 4.0 mm from the +Y and +X
edges of the board, and 6.0 mm from the +Z surface of the PC board in the rest of the
board area.

6.3 Interface Control Documents Applicable to PSU System
AMSAT Fox-1 IHU to PSU Interface Control Document
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6.4 Power Supply System (PSU) PCB Bus Connections
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6.5 Power Supply System (PSU) PCB External Connections

6.5.1 Three connections to +X Solar Panel using Samtec MEC1-105-02-L-D-NP-A
connector

6.5.1.1 1 contact +X Solar Panel Thermistor

6.5.1.2 1 contact +X Solar Panel CIC +

6.5.1.3 1 contact common or - for above two connections
6.5.2 Three connections to -X Solar Panel using Samtec MEC1-105-02-L-D-NP-A
connector

6.5.2.1 1 contact -X Solar Panel Thermistor

6.5.2.2 1 contact -X Solar Panel CIC +

6.5.2.3 1 contact common or - for above two connections
6.5.3 Five connections to +Y Solar Panel using Samtec MEC1-105-02-L-D-NP-A
connector

6.5.3.1 1 contact +Y Solar Panel Thermistor

6.5.3.2 1 contact +Y Solar Panel CIC +

6.5.3.3 1 contact TX Antenna Deploy

6.5.3.4 1 contact TX Antenna Sensor

6.5.3.5 1 contact common or - for above connections
6.5.4 Five connections to -Y Solar Panel using Samtec MEC1-105-02-L-D-NP-A
connector

6.5.4.1 1 contact -Y Solar Panel Thermistor

6.5.4.2 1 contact -Y Solar Panel CIC +

6.5.4.3 1 contact RX Antenna Deploy

6.5.4.4 1 contact RX Antenna Sensor

6.5.4.5 1 contact common or - for above connections
6.5.5 All PCB edges that connect to solar panel MEC1-105-02-L-D-NP-A connectors
shall have contact pads on the PCB for all connector pins, whether connected to a
trace or not.
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Table 5: +X PCB edge mates to MEC1-105-02-L-D-NP-A connector on +X Solar Panel

Pin Nomenclature Type Voltage | Source System Load 2 Bus Pin
1 N/C
2 +X Solar Panel Thermistor Analog N/A N/A N/A N/A
3 N/C
4 N/C
5 N/C

Ground
6 +X Solar Panel Common Plane
7 N/C
8 |[N/C
9 N/C

2.66 VDC

10 [+X Solar Panel CIC (+) Digital nominal N/A N/A N/A

A
vap’
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Table 6: -X PCB edge mates to MEC1-105-02-L-D-NP-A connector on -X Solar Panel

Pin Nomenclature Type Voltage | Source System Load 2 Bus Pin
1 N/C
2 -X Solar Panel Thermistor Analog N/A N/A N/A N/A
3 N/C
4 N/C
5 N/C

Ground
6 |-X Solar Panel Common Plane
7 N/C
8 |[N/C
9 N/C

2.66 VDC

10 |-X Solar Panel CIC (+) Digital nominal N/A N/A N/A

A
vap’
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Table 7: +Y PCB edge mates to MEC1-105-02-L-D-NP-A connector on +Y Solar Panel
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Pin Nomenclature Type Voltage | Source System Load 2 Bus Pin
1 N/C
2 +Y Solar Panel Thermistor Analog N/A N/A N/A N/A
3 N/C
4 TX Antenna Sensor Analog N/A IHU N.O. 46
5 N/C

Ground
6 +Y Solar Panel Common Plane
7 N/C
8 |TX Antenna Deploy Analog TBR TBR TBR TBR
9 N/C

2.66 VDC

10 [+Y Solar Panel CIC (+) Digital nominal N/A N/A N/A

A
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Table 8: -Y PCB edge mates to MEC1-105-02-L-D-NP-A connector on -Y Solar Panel

Pin Nomenclature Type Voltage | Source System Load 2 Bus Pin
1 N/C
2 -Y Solar Panel Thermistor Analog N/A N/A N/A N/A
3 N/C
4 RX Antenna Sensor Analog N/A IHU N.O. 48
5 N/C

Ground
6 -Y Solar Panel Common Plane
7 N/C
8 |RX Antenna Deploy Analog TBR TBR TBR TBR
9 N/C

2.66 VDC

10 |-Y Solar Panel CIC (+) Digital nominal N/A N/A N/A

A
vap’

AMSAT
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7 Battery System

7.1 Volume Requirements Applicable to Battery PCB 1 System

7.1.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 4.0 mm
from the -Z surface of the PC board within the area 0 to 4.0 mm from the +Y and +X
edges of the board, and 1.0 mm from the -Z surface of the PC board in the rest of the
board area.

7.1.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 17.0 mm
from the +Z surface of the PC board.



AMSAT Fox-1
Avionics System Design Specification

7.2 Battery PCB 1 System Bus Connections
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7.3 Battery PCB 1 System External Connections

7.3.1 Umbilical as USB mini type B receptacle
7.3.2 Remove Before Flight as 3.5mm normally open TS jack

Table 9: Battery 1 External Connection Signal Characteristics

A
vap’

AMSAT

External Voltage/P
Connection Nomenclature Type ower | Source System Load 2 Bus Pin
USB 53, 54, 55,
USB 1 +5 VDC* Analog 5VvDC N/A
CONNECTOR 56
3.0V USB
USB 2 USB Data - (USBM Digital N/A 51
ata - { ) ‘it CMOS 1 coNNECTOR /
logic
3.0V USB
UsB 3 USB Data + BP Digital N/A 49
ata + (USBP) 'gita CM(.)S CONNECTOR /
logic
USB G d
USB4  |Ground N/A roun
CONNECTOR Plane
3.5 N.O. TS
RBF 1 RBF 1 Analog N/A jacl:nm N/A 40
3.5 N.O. TS
RBF2  [RBF2 Analog N/A jadinm N/A 42

*When external supply is connected to USB port
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7.4 Battery PCB 2 System Bus Connections
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Figure 13: Battery 2 Bus Connection Pin Assignments
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8 Experiment Payload Systems 1 through 4

8.1 System Requirements Applicable to Experiment Payload Systems 1-4

2.1.4 The satellite shall provide mass for an experiment payload up to 100 g.

2.1.5 The satellite shall provide volume for an experiment payload up to 95 x 95 x 15.7
mm.

2.2.1 The satellite avionics shall be designed for -40C to +70C operating temperature.
2.2.3 The satellite shall be designed to tolerate the radiation environment in orbit.

2.3.1 The satellite shall be designed for a minimum 5-year, on-orbit lifetime.

3.6.2 The satellite shall provide a means to activate and deactivate the experiment
payload.

3.6.3 The satellite shall provide a means to telemeter data from the experiment
payload.

8.2 Volume Requirements Applicable to Experiment Payload System 1

8.2.1 No components, connections other than those connectors stipulated in section
10, and structures such as shielding or enclosures shall protrude from the —Z surface
of the PC board.

8.2.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 6.0 mm
from the +Z surface of the PC board.

8.3 Volume Requirements Applicable to Experiment Payload Systems 2 and 3

8.3.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 1 mm
from the —Z surface of the PC board.

8.3.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 6.0 mm
from the +Z surface of the PC board.

8.4 Volume Requirements Applicable to Experiment System 4

8.4.1 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 1 mm
from the —Z surface of the PC board.

8.4.2 Components, connections other than those connectors stipulated in section 10,
and structures such as shielding or enclosures shall not protrude more than 5.0 mm
from the +Z surface of the PC board.
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8.5 Experiment Payload 1-3 Systems PCB Bus Connections
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8.6 Experiment Payload 4 System PCB Bus Connections
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8.7 Experiment Payload 4 System PCB External Connections

8.7.1 Three connections using Samtec FSI-105-06-L-S-AD connector
8.7.1.1 1 contact +Z Solar Panel Thermistor
8.7.1.2 1 contact +Z Solar Panel CIC +
8.7.1.3 1 contact common or - for above two connections

Table 10: +Z PCB face FSI-105-06-L-S-AD connector mates to pads on +Z Solar Panel

Pin Nomenclature Type Voltage | Source System Load Z Load System | Bus Pin
1 +Z Thermistor Analog N/A N/A N/A PSU 41
2 N/C
Ground
3 +Z Solar Panel Common Plane
N/C
5 |+ZCIC(+) Analog nominal N/A N/A PSU 45
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9 System Block Diagrams Reference

9.1 IHU System

IHU Block Diagram Rev 2011-12-04

Exp |Experiment

Power Enable

MOSFET

Exp i2c ol i2c
Exp Serial Sluisanr
SPI to PSU <py

(" MCU )

STM32L151VBT6

WatchDog

Timer
MAX6371

Failure meble
Detection | Signal

CMDI/XPNDR Mnda

DEFUNCT -
PENDING UPDATE

Real Time
Clock

IHU Current
Sensor

Debug Serial
<«

USB
<

JTAG
<

Y

Y

i2c

ADC

USART

UsB

JTAG

3V LDO
Vvbatt \Reégulator | 3v

DAC

ADC

ADC

ADC

ADC

ADC

LPF &| Out
AMP
TX PA Current

TX PA Temp
TX XO Temp

RX XO Temp

quAA

_1RCV Audio
~
RSSI Squelch Status

Latchup
Detection

A A

A
2D

AMSAT



AYHOVYIA XOO1d WALSASHNS o lapazen

FAORDR AN N

o HAANOSNVHL W4 DOTVYNY Ay BT

ELOE Nr &€
TMNOIS SNLYLS
QALFAILIY XL, Ao O1dny et
I & ST AL INSI1INIS)
SMOLLOMIA ANNOHED NOWINODD E NI
ﬁmmz_ﬂ%}m%ﬁufobmmmumﬁﬁmu 200M TN IS TR S Y3140 H3M0d 20A TR OLI'E
Hadwauo  LdHE 3I\RoT gy QOTTNT TN
E 123130 -
5 G D907 aL £'e-70
g H3lwD e
] J413234 - L o -~
£-8019L7 |ZE0wEn | | Z2owen || zzo s 2 4 L1043
= ] di3l dig1 di31 T Homas 5
o wd ML || wd Rl || ox || omonl = e O
= 1907 THIHOLTNISOD | S aae (o) | 'OXIADL
s OMIATH L1d Ay s Ll 47 | MK OL 0'E-T2
= —> L23MNOTHI LN e viod Loy | 056247 |
S MHI 43435 8 e s ) 7 o3y
T =
2 | AM3ACOTH N 3 + ARG
~ @ | oNOILD3LAd = . | SHOILDIS
2 = | dHDLTT SO S | HO1os LLOZZHL TV oL
S 5o bommmmmmm s ‘ TR |, foj|
KN Lld olans nHI S 54 THI AL
- 2 THI G5FL % A
</ WHNILNT r v
aaL 81T ZHIA ¥ 1] v v
v g EVENT: QAL ZOOZZHL| 2208010 445 aIEEL
S 3 .. 4d1 xd A || DO g HT3IW oo ol [ 2w B S STl
< @ 3 P ssvr s [ oo T Y| ooy [T 22 ®asenit qow3g e Jd8 € D 0 ) 448
2 4 AN ol I T TS TS
w ¥
m SSSOMT| | 295000 Hﬂ_n_hm_m
LOHS |g 130 |o]
= ano oL Eu_amwz L%
> THI 35T
< FHMMALNY
WD 02

9.2 RF System



AMSAT Fox-1
Avionics System Design Specification

A
vap"

AMSAT
9.3 PSU System (TBR)
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10 System Interconnection References

10.1 Bus Connectors

10.1.1 Samtec QTH-030-02-L-D-A and QSH-030-01-L-D-A connectors

10.1.2 QTH connector shall be mounted on the +Z surface of each circuit board
except the Receive Antenna PCB / GPS Payload circuit board

10.1.3 QSH connector shall be mounted on the —Z surface of each circuit board

10.2 Bus Connector Documentation

10.2.1 Samtec QSH

10.2.2 Samtec QTH
10.2.3 Samtec QxH High Speed Characterization Report

10.2.4 Samtec QxH Single Ended Channel Properties

10.3 External Connectors

10.3.1 Samtec MEC1-105-02-L-D-NP-A connector mounted on +X, -X, +Y, -Y Solar
Panels

10.3.2 Samtec FSI-105-06-L-S-AD connector mounted on -Z face of RF Transmitter
System PCB and +Z face of Experiment Payload 4 System PCB

10.4 External Connector Documentation

10.4.1 Samtec MEC1
10.4.2 Samtec MEC1 Qualification Testing
10.4.3 Samtec FSI

10.5 PCB Connector Layout Documentation

10.5.1 FOX-ME-113 PCB.pdf



http://amsatfox.org/repos/Mechanical/z_Vendors/Samtec/QSH.pdf
http://amsatfox.org/repos/Mechanical/z_Vendors/Samtec/QTH.pdf
http://amsatfox.org/repos/Fox1/Systems/QxH-DP_FI_case4_TDR_report.pdf
http://amsatfox.org/repos/Fox1/Systems/QxH_FI_Case2_5S2G_channel_properties_V1.pdf
http://amsatfox.org/repos/Mechanical/z_Vendors/Samtec/MEC1.PDF
http://amsatfox.org/repos/Fox1/Systems/mec1-qt_qua.pdf
http://amsatfox.org/repos/Mechanical/z_Vendors/Samtec/FSI_03.pdf
http://amsatfox.org/repos/Mechanical/CAD/PDF/FOX-ME-113_PCB.pdf
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10.6 Systems PCB Connector Layout

10.6.1 Common to All Systems
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10.6.2 RF Transmitter System
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10.6.4 Experiment 4 System
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AMSAT Fox-1

Attitude Determination Experiment Payload System
Requirements Specification

1 Introduction

This document specifies the system level technical requirements for the AMSAT Fox-1
satellite project attitude determination experiment payload.

The Fox-1 satellite is a 1 Unit CubeSat with a primary mission of providing amateur
radio communications. In addition to its mission as a communications satellite, Fox-/
will host an experiment payload. The satellite will reserve mass and volume for the
experiment and will provide DC power and a communications facility. The experiment is
expected to be provided by students at Penn State University — Erie, through an AMSAT
sponsored senior design project.

The goal of the experiment will be to measure the spin rate and direction, about the Z axis
of the satellite, and any off Z-axis “wobble”.

1.1 Document History

DATE VERSION SUMMARY
November 9, 2011 1.0 From Draft F
December 4, 2011 1.01 Fix formatting
December 23, 2011 1.03 Update references to other documents
December 27, 2011 1.04 Update 2.1.13 for QTH/QSH connectors
February 12, 2011 1.10 Change bus to SPI and add power signal

Removed references to multiple PCBs
and conflicting component placement

Adjust PCB stay out zone and other
requirements per latest mechanical
revisions

June 29, 2012 2.0 Modified extensively due to move of
experiment equipment to the IHU card

1.2 Document Scope

The purpose of this document is to specify the technical requirements of the experiment
payload at the system (i.e. "black box") level. It is intended to be used to by the hardware,
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software and mechanical designers to develop the architecture/high-level design
specifications. It is also intended to be used for test planning and development.

1.3 Document Format

This document provides the requirements in numbered format. Each requirement is
assigned a unique number. Additional information such as comments or examples that
are provided for guidance or clarity are italicized to distinguish them from requirements.

1.4 References

1. AMSAT Fox-1, Concept of Operations, Version 1.03, September 19, 2011

2. AMSAT Fox-1, System Requirements Specification, Version 1.1, April 29, 2012

3. AMSAT Fox-1 THU to Attitude Determination Experiment Interface Control
Document, Version 2.0, June 29, 2012
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2 General Requirements

2.1 Physical Requirements

2.1.1 The experiment payload shall be constructed on the satellite IHU system
PCB.

2.2 Environmental Requirements

2.2.1 The experiment payload shall be designed for -40C to +70C operating
temperature.

3 Functional Requirements

3.1 Experiment Data

3.1.1 The experiment payload shall measure the spin rate and direction about
the Z axis of the satellite.

3.1.2 The experiment payload shall measure any deviation (wobble) of the Z
axis of the satellite caused by the spin of the satellite.

3.1.3 The experiment payload data shall have an accuracy of 1 degree.

3.1.4 The experiment payload shall be able to resolve the rate of spin in the
range of 0 to 50 degrees per second. The experiment payload shall be
able to resolve the deviation of the Z axis (wobble) in the range of O to
50 degrees.

3.2 Satellite Interface

3.2.1 The experiment data shall be directly collected by the satellite IHU
system.

3.3 Power

3.3.1 The experiment payload shall receive electrical power from the satellite
battery and photovoltaic panels.

3.3.2 The electrical power voltage will be nominally DC 3.6 V.

3.3.3 The satellite IHU system will activate and deactivate the experiment
payload as necessary.

3.3.4 The electrical power drawn by the experiment payload shall not exceed
200 mW.
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3.4 Experiment Data

3.4.1 The IHU system shall process the experiment data for telemetry
transmissiont.

3.4.2 The IHU system shall sample the experiment data at a rate sufficient to
provide telemetry data at least every 15 seconds.

3.4.3 The experiment payload data shall include the following measured and
calculated parameters:

Parameter Name | Description

SPIN RATE Rate of spin of the satellite about the Z axis, in degrees per minute
SPIN DIRECTION | Direction of spin of the satellite about the Z axis (+X or —X)
DEVIATION Deviation (wobble) of +7 axis caused by satellite spin

UP TIME Total seconds since experiment payload power-up or reset

TNote that the telemetry data frame is specified in the AMSAT Fox-1 IHU to Attitude
Determination Experiment Interface Control Document.

4 External Interface Documents

To fully specify the experiment payload technical requirements, the following
documents must also be provided,
1. AMSAT Fox-1 IHU to Attitude Determination Experiment Interface Control
Document

5 Summary

The Fox-1 satellite attitude determination experiment payload will provide data on
the spin and wobble of the passive-magnetically stabilized satellite. This
includes the first known measurements of the wobble about the Z axis of a
magnetically stabilized AMSAT satellite.
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IHU to RF ICD
Date: September 18, 2012
Version: Version 1.91
AMSAT Fox-1

THU to RF System Interface Control Document

1 Introduction

This document specifies the message interface between the Internal Housekeeping Unit
(IHU) and the RF System, as required per the AMSAT Fox-I System Requirements
Specification document.

1.1 Document History

DATE VERSION SUMMARY
March 24, 2012 1.0 Initial version
March 24, 2012 11 Add 2" RX Audio Out section 3.4.1

Section 3.2 rename Zombie to IHU Control,
March 26, 2012 1.2 rename Audio to Audio 1, Section 3.4 remove
RX Audio 2, section 4 removed entirely

March 26, 2012 1.3 Many updates using input from teams

Update 3.4.1.1 to clarify that receive signal

March 30, 2012 1.4 CTCSS is responsible for state
March 31, 2012 15 3.3.1.3 updated to read no less than 100 mS
April 24, 2012 1.6 Update impedances and voltages to match SDS
Update 3.3.1.5 per PDR change to SRS, remove
RESET add IHU OFF and IHU ON commands,
June 18, 2012 L7 signal characteristic updates per PDR, 3.4.1.2 to
indicate command station signal strength
September 13, 2012 18 Remove I_HL_J CONTROL S|gn_al, match_5|g_nal
characteristics to system design specification
September 16, 2012 1.9 Changes to 3.3.1.1 and Table 4 per Tony
September 18, 2012 101 Removed Command Table (section 3.3) and re-

stated section 3.3 requirements accordingly
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1.2 Document Scope

The purpose of this document is to specify the signal types, levels, and direction for
connections between the IHU and the RF System as described in the AMSAT Fox-1
System Requirements Specification.

1.3 References
1. AMSAT Fox-1 System Requirements Specification
2. AMSAT Fox-1 System Design Specification
3. AMSAT Fox-1 IHU Software Architecture Specification
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2 General Requirements

2.1 Telemetry

2.1.1 RF System Telemetry values shall be conveyed as analog voltage
levels sent from the RF System to the IHU System.

2.1.2The IHU System shall convert the analog signals to digital
representations.

2.1.3 Audio signals for the purpose of conveying telemetry via sub-audible
audio frequencies shall be sent from the IHU System to the RF
System.

2.2 RF System Control

2.2.1 Control of the RF System shall be accomplished by means of digital
signals sent from the IHU System to the RF System.

2.3 Satellite System Command

2.3.1 Command data for the purpose of controlling the satellite shall be
processed by the RF System and sent to the IHU System.

2.3.2 Command data shall be conveyed to the IHU via digital signals.

2.4 Operational Components

2.4.1 Demodulated baseband audio signals shall be passed from the RF
System to the IHU System for processing.

2.4.2 Baseband audio signals shall be passed from the IHU System to the
RF System for transmission.

2.4.3 Operational Status signals shall be conveyed as digital signals sent
from the RF System to the IHU System.

2.5 Signal Transmission

2.5.1 Signals shall use the pin assignments shown in the Fox-1 System
Design Specification document.

2.5.2 Signal connections shall comply with the impedance and signal type
shown in the parameters for each type of signaling.

2.6 Signal Type Definitions and Levels

2.6.1 Analog: 0.1 — 3.5 VDC analog voltage.
2.6.2 Digital: 3.0 VDC logic levels.
2.6.2.1 Digital signals High State shall be =22.4 V.
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2.6.2.2 Digital signals Low State shall be 0.4 V.
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3 Signal Connection Requirements
3.1 Telemetry
3.1.1 The RF System shall provide raw telemetry values from the RF
System components as shown in Table 1.
Table 1
Pin Nomenclature Type Voltage | Source System Load Z Load System Notes
2 [TXPA Current Analog 0-3.0V X 30-60kQ [HU
4 |TX PA Temperature Analog | 100-2000 mV X 30-60kQ [HU Analog Devices TMP36F
6  [TXOsc Temperature Analog | 100-2000 mV X 30-60kQ IHU Analog Devices TMP36F
8  |RX Osc Temperature Analog | 100-2000 mV RX 30-60kQ [HU Analog Devices TMP36F
3.1.1.1 The values shall be updated at a rate to provide new samples
at least every 15 seconds.
3.2 RF System Control
3.2.1 The IHU System shall provide control and audio signals to the RF
System as shown in Table 2.
Table 2
Pin Nomenclature Type Voltage | Source System Load Z Load System Notes
12 |IHU Audio 1 Out Analog | 2V p-p audio [HU 600 Q, Unbalanced X For 5 kHz deviation, 10 Hz - 7 kHz bandwidth
26 |COMMAND Mode Digital [HU X HIGH = Command Mode
28 |IHUPTT Digital IHU X HIGH = TRANSMIT

3.2.1.1 COMMAND Mode signal when High shall inhibit received RF
audio retransmission (COMMAND MODE).

3.2.1.2 IHU PTT signal when High shall key the RF transmitter on.

3.3 Satellite System Command

3.3.1 The RF System shall provide ground station command signals to the
IHU System as shown in Table 3.

Table 3
Pin Nomenclature Type Voltage | Source System Load Z Load System Notes
16 [RX Command Data 8 Digital RX [HU
18 [RX Command Data 9 Digital RX [HU
20 [RX Command Data 10 Digital RX [HU
22 |RX Command Data 11 Digital RX X
24 [RX Command Strobe Digital RX 30-60kQ [HU
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3.3.1.1 RX Command data shall be read on the rising edge of the RX

Command Strobe signal.

3.3.1.2 Upon an RX Command Strobe rising transition the IHU System
shall read the signal values RX Command Data 8, RX
Command Data 9, and RX Command Data 10.

3.3.1.3 The duration of an RX Command Strobe signal High state shall
be no less than 500 mS.

3.3.1.4 RX Command Data 11 shall be the most significant bit, RX
Command Data 8 shall be the least significant bit.

Note that the control interface will be specified in a separate document.

3.4 Operational Components

3.4.1 The RF System shall provide operational and audio signals to the
IHU System as shown in Table 4.

Table 4
Pin Nomenclature Type Voltage | Source System Load Z Load System Notes
30 |RXPTT Digital X 30-60kQ IHU HIGH = HANG TIMER ACTIVE
32 |RXCD Digital RX 30-60kQ IHU
34 |RXAudio 1 Analog | 2V p-p audio RX 600 Q, Unbalanced [HU 10 Hz - 7 kHz bandwidth

3.4.1.1 TX Active signal when High shall indicate that the transponder
uplink signal CTCSS hang timer is activating the RF
transmitter.

3.4.1.2 RX CD signal when High shall indicate that the RF receiver
detects a signal on the uplink.
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Date: August 7, 2012
Version: Version 1.03
AMSAT Fox-1

IHU to PSU Interface Control Document

1 Introduction

This document specifies the message interface between the Internal Housekeeping Unit
(IHU) and the Power Supply (PSU) System, as required per the AMSAT Fox-1 System
Requirements Specification document.

1.1 Document History

DATE VERSION SUMMARY
February 21, 2012 1.0 Initial version
February 21, 2012 1.01 Clarify I1°C address

March 7, 2012 1.02 2.3.1 updated Vdd to 3.0V

Remove BATTL1 data fields and adjust message

August 7, 2012 1.03 .
accordingly

1.2 Document Scope

The purpose of this document is to specify the message format and the I?C bus hardware
operation for the communications between the IHU and the PSU as described in the
AMSAT Fox-1 System Requirements Specification.

1.3 References
1. AMSAT Fox-1, System Requirements Specification
2. AMSAT Fox-1, System Design Specification
3. AMSAT Fox-1, IHU Software Architecture Specification
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2 General Messaging Requirements

2.1 Link Protocol Requirements

2.1.1 The IHU shall be the I?C Master.

2.1.2 The PSU shall be the I12C Slave.

2.1.2.1 The IHU shall request the PSU to send.

2.1.2.2 The PSU shall send a single telemetry data message.

2.1.3 Each telemetry data message sent by the PSU shall be preceded by a
header containing the message version and the software version of the
PSU.

2.1.4 Message byte order shall be Little Endian.

2.2 General Message Requirements

2.2.1 Each telemetry data message shall contain a header block, a data block,
and a CRC block.

2.2.2 The PSU shall sample data at a rate sufficient to provide telemetry data to
the IHU at least every 15 seconds.

2.3 [*C Bus Hardware Interface Requirements
2.3.1 The I)C Vvdd shall be 3.0V.

2.3.2 The bus speed shall be Fast (400kbit/s).
2.3.3 The PSU I>C 7 bit address shall be 0x10.
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3 Message Content Requirements

3.1 Message Header Block

3.1.1 The message header block shall be constructed as shown in table 1.

Table 1
Field Size (Bytes) | Type Value Description
Message 2 U.n5|gned Variable Message ICD version
Version integer
Softvyare 2 U.n3|gned Variable Software Build version
Build integer

3.1.1.1 The Message Version shall be an integer representing the IHU to PSU
ICD document version number from which the message format is
derived, having the decimal point removed (e.g. version 1.03 would be
103 decimal or 0x67).

3.1.1.2 The Software Build shall be an integer representing the software build
version number of the PSU system, having the decimal point removed
(e.g. version 1.03 would be 103 decimal or 0x67).

3.2 Message Data Block

3.2.1 The message data block shall be constructed as shown in Table 2.

Table 2
Field Size (Bytes) | Type Value Description
DATA 28 L_Jn5|gned Variable Message data
integers




AMSAT Fox-1

S
IHU to PSU ICD e /
AMSAT

>
=)
~/

3.2.2 The message data block shall contain the DATA fields as shown in Table 3.

Table 3

Field Size (Bytes) Type Value Description

TOTAL | 2 Uirllf‘é%r;d Variable Total system DC current raw value

+X PANEL V 2 Uiﬂfé%r;d Variable +X solar panel voltage raw value
-X PANEL V 2 Uirllf‘é%r;d Variable -X solar panel voltage raw value
+Y PANEL V 2 Uiﬂfé%r;?d Variable +Y solar panel voltage raw value
-Y PANEL V 2 Ui?]?é%r;d Variable -Y solar panel voltage raw value
+Z PANEL V 2 Uizfei}%ne?d Variable +Z solar panel voltage raw value
-Z PANEL V 2 Uiﬁiie%r(]eerd Variable -Z solar panel voltage raw value
+X PANEL T 2 Uizfei}%ne?d Variable | +X solar panel temperature raw value
-X PANEL T 2 Uiﬁiie%r(]eerd Variable | -X solar panel temperature raw value
+Y PANEL T 2 Uizfei}%ne?d Variable | +Y solar panel temperature raw value
-Y PANEL T 2 Uiﬁiie%r(]eerd Variable | -Y solar panel temperature raw value
+Z PANEL T 2 Uir;fé%r:;d Variable | +Z solar panel temperature raw value
-ZPANEL T 2 Ui?]?é%lerd Variable | -Z solar panel temperature raw value

SPIN 2 U_nsigned Variable Calculated spin rate

integer
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3.3 CRC Block
3.3.1 The CRC block shall be constructed as shown in Table 4.

Table 4
Field Size (Bytes) | Type Value Description
CRC 1 CRC Variable | CRC-8-CCITT

3.3.1.1 The CRC shall be CRC-18-CCITT (0x07).

4 Message Integrity

4.1.1 If the CRC fails, the message shall be considered invalid.

4.1.2 If the Message Version does not match the message version in use for the
construction of messages on the IHU system, the message shall be
considered invalid.
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5 Message Flow Diagrams

5.1 READ

IHU PSU

START READ

TELEMETRY DATA MESSAGE

Z

STOP

IHU Handling End
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IHU to Battery ICD
Date: August 7, 2012
Version: Version 1.00
AMSAT Fox-1

THU to Battery Interface Control Document

1 Introduction

This document specifies the message interface between the Internal Housekeeping Unit
(IHU) and the Battery (BATT1) System, as required per the AMSAT Fox-I System
Requirements Specification document.

1.1 Document History

DATE VERSION SUMMARY
August 7, 2012 1.00 Initial version

1.2 Document Scope

The purpose of this document is to specify the message format and the I?C bus hardware
operation for the communications between the IHU and the BATT1 as described in the
AMSAT Fox-1 System Requirements Specification.

1.3 References
1. AMSAT Fox-1, System Requirements Specification
2. AMSAT Fox-1, System Design Specification
3. AMSAT Fox-1, IHU Software Architecture Specification
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2 General Messaging Requirements

2.1 Link Protocol Requirements

2.1.1 The IHU shall be the I?C Master.

2.1.2 The BATTL1 shall be the I2C Slave.

2.1.2.1 The IHU shall request the BATT1 to send.

2.1.2.2 The BATTL1 shall send a single telemetry data message.

2.1.3 Each telemetry data message sent by the BATT1 shall be preceded by a
header containing the message version and the software version of the
BATTL.

2.1.4 Message byte order shall be Little Endian.

2.2 General Message Requirements

2.2.1 Each telemetry data message shall contain a header block, a data block,
and a CRC block.

2.2.2 The BATTL1 shall sample data at a rate sufficient to provide telemetry data
to the IHU at least every 15 seconds.

2.3 [*C Bus Hardware Interface Requirements
2.3.1 The I)C Vvdd shall be 3.0V.

2.3.2 The bus speed shall be Fast (400kbit/s).
2.3.3 The BATT1 I?C 7 bit address shall be 0x1B.
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3 Message Content Requirements

3.1 Message Header Block

3.1.1 The message header block shall be constructed as shown in table 1.

Table 1
Field Size (Bytes) | Type Value Description
Message 2 U.n5|gned Variable Message ICD version
Version integer
Softvyare 2 U.n3|gned Variable Software Build version
Build integer

3.1.1.1 The Message Version shall be an integer representing the IHU to BATT1
ICD document version number from which the message format is
derived, having the decimal point removed (e.g. version 1.03 would be
103 decimal or 0x67).

3.1.1.2 The Software Build shall be an integer representing the software build
version number of the BATT1 system, having the decimal point removed
(e.g. version 1.03 would be 103 decimal or 0x67).

3.2 Message Data Block

3.2.1 The message data block shall be constructed as shown in Table 2.

Table 2
Field Size (Bytes) | Type Value Description
DATA 14 L_Jn5|gned Variable Message data
integers
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3.2.2 The message data block shall contain the DATA fields as shown in Table 3.

Table 3
Field Size (Bytes) Type Value Description
Unsigned ,

CELL1V 2 . Variable Battery cell 1 voltage raw value
integer

CELL2YV 2 U_n5|gned Variable Battery cell 2 voltage raw value
integer

CELL 3V 2 U.nS|gned Variable Battery cell 3 voltage raw value
integer

CELL4YV 2 Uir;?é%r;?d Variable Battery cell 4 voltage raw value

CELL5V 2 U.nS|gned Variable Battery cell 5 voltage raw value
integer

CELL6YV 2 Ui?%%ne?d Variable Battery cell 6 voltage raw value

CELLT 2 U.n5|gned Variable Battery temperature raw value
integer
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3.3 CRC Block
3.3.1 The CRC block shall be constructed as shown in Table 4.

Table 4
Field Size (Bytes) | Type Value Description
CRC 1 CRC Variable | CRC-8-CCITT

3.3.1.1 The CRC shall be CRC-18-CCITT (0x07).

4 Message Integrity

4.1.1 If the CRC fails, the message shall be considered invalid.

4.1.2 If the Message Version does not match the message version in use for the
construction of messages on the IHU system, the message shall be
considered invalid.
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5 Message Flow Diagrams

5.1 READ

IHU BATT1

START READ

TELEMETRY DATA MESSAGE

Z

STOP

IHU Handling End
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AMSAT Fox-1

IHU to Attitude Determination Experiment Interface
Control Document

1 Introduction

This document specifies the message interface and the power activation interface
between the Internal Housekeeping Unit (IHU) system and the Experiment Payload, as
required per the AMSAT Fox-1 Attitude Determination Experiment Payload System
Requirements Specification document.

The experiment is expected to be provided by students at Penn State University — Erie
through an AMSAT sponsored senior design project.

1.1 Document History

DATE VERSION SUMMARY
February 12, 2012 1.0 From Draft and now SPI
February 15, 2012 1.01 Add SPI Bus Hardware Interface Requirements
Change to DATA block types and values
February 20, 2012 1.02 Add SPI framing and CRC polynomial
February 20, 2012 1.03 Requirements Tracking Changes
February 21, 2012 1.04 Deviation corrected from 90 to 50 per
Experiment System Requirement 3.1.5
February 26, 2012 1.05 Corrected description of SPIN RATE field in
Table 6 to read seconds instead of minutes
March 7, 2012 1.06 Change 6.1.1.1 high state signal to 22.4V
April 5. 2012 1.07 Add new DATA field MEMS GYRO STATUS
April 9, 2012 1.08 Added requirement 2.2.4
April 11, 2012 1.1 Add bits to MEMS GYRO STATUS
April 24, 2012 1.11 Set logic level Low as 0.2V in 6.1.1.2
June 29, 2012 2.0 Modified extensively due to move of experiment
equipment to the IHU card

1.2 Document Scope

The purpose of this document is to specify the data format for the communications
between the Attitude Determination Experiment and the IHU system, as described in the
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AMSAT Fox-1 Attitude Determination Experiment Payload System Requirements
Specification.

1.3 References

1. AMSAT Fox-1 System Requirements Specification, Version 1.1, April 29, 2012

2. AMSAT Fox-1 Experiment Payload System Requirements Specification, Version
2.0, June 29, 2012

3. AMSAT Fox-1 IHU Software Architecture Specification, Draft E, January 19, 2012

L
i g
A1/

AMSAT



AMSAT Fox-1
IHU to Attitude Determination Experiment ICD

2 Telemetry Content Requirements

2.1 Telemetry Data Block

2.1.1 The telemetry data block shall contain the data fields as shown in Table 1.

Table 1
Field Size (Bytes) Type Value Description
Rate of spin of the satellite
. about the Z axis, in degrees
Signed Variable per second. Negative
SPIN RATE 2 ) -50to |1 . A
integer indicates -X spin direction,
+50 oo ;
positive indicates +X spin
direction.
DEVIATION 5 U_nS|gned Variable !Z)ewatlon (wobble) of Z axis
integer 0 to +50 | in degrees.
Unsianed Variable | Total seconds since
UP TIME 2 integ or 0 to experiment payload power-
9 65535 | up or reset
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Date: January 19, 2012

Version: draft E
AMSAT Fox-1

THU Software Architecture Specification

1 Introduction

This document specifies the software architecture design for the IHU of the AMSAT
Fox-1 satellite.

1.1 Document History

DATE VERSION SUMMARY

1.2 Document Notes

Procedures are described in this document using a "C-like" psuedocode syntax. This is
intended to be a high-level description of the procedures and not compilable code.

1.3 References

1. AMSAT Fox-1, Concept of Operations, Version 1.03, OCT 19, 2011
2. AMSAT Fox-1, System Requirements Specification, Version 1.03, OCT 23, 2011
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2 Interfaces

This section specifies the signals and information elements that interface with the IHU
software. This document provides the high-level semantics. An interface specification is
expected to be produced for each of these that provides the detailed syntax, bit patterns,
timing, levels etc. required to run the interfaces.

2.1 PSU Telemetry
These data elements come from the PSU via an 12C interface

Name Number of parameters

Battery Cell Volts 6

Solar Panel Volts

Solar Panel Temperature

Battery Temperature

Avionics Current

—_| == | O\ | O\

Calculated Spin rate

2.2 IHU Telemetry

This is the telemetry information from the IHU card. It comes directly from the STM3
CPU itself.

Name Type | Description

CPU Temp | A/D | STM3 temperature

2.3 RF Telemetry

These are the telemetry elements from the RF card. They are sensed via analog levels that
are sent to the A/D converter channels on the CPU.

Name Type | Description
PA Current A/D | Tx Power Amplifier Current
PA Temp A/D | Tx Power Amp Temperature

Rx Osc Temp | A/D | Rx Oscillator Temperature

Tx Osc Temp | A/D | Tx Oscillator Temperature
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2.4 RF Downlink

These are the signals needed to operate the RF downlink. These are via GPIO leads and
D/A channels.

Name Type Description

Tx Active | input TRUE if 2-min CTCSS timer is active
RF Mode | output Selects command or transponder mode
PTT output Turns on transmitter if not already on
Tx Narrow | D/A output | Low-bit-rate PCM samples to transmit
Tx Wide D/A output | High-bit-rate PCM samples to transmit

2.5 RF Uplink

These are the signals from RF uplink. These are via GPIO leads and an A/D channel on
the CPU. There is a hardware command decoder on the RF card and the decoded
commands are sent digitally to the IHU card on the GPIO leads. The carrier detect (Rx
CD) and received audio samples (Rx Audio) are not used on the initial Fox-1 mission.

Name Type | Description

Rx CD input | ON if Receiver has carrier - NOT USED

Rx Audio | A/D | Receiver audio samples - NOT USED

Rx CMD | input | Received command - 4-bits plus strobe

These are the received command values:

Bit Pattern | Command

1xxx Tx Inhibit - done in HW

0000 Reset - done in HW

0001 Test

0010 Clear stored min/max telemetry values
0011 Transponder Mode

0100 Command Mode

0101 - Reserved -

0110 - Reserved -

0111 - Reserved -
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2.6 Antenna System

These are GPIO leads. The antenna system has an active primary deployment mechanism
and a passive backup mechanism. The primary is under control of the IHU software. The
secondary mechanism uses UV radiation from the sun to deploy the antennas in the event
of a failure of the primary mechanism. The backup mechanism may take some time (i.e.
several weeks or months) to deploy the antennas should the primary fail. Therefore, the
IHU software must always test the deployment status of the antenna system before
activating the RF transmitter PTT. This is to prevent inadvertent damage to the RF
transmitter if waiting for the secondary mechanism to deploy the antennas.

Since the antenna deployment mechanism has not yet been designed, information about
the precise sequencing and operation of these signals is unknown at this time.

Name Type | Description

Antenna Deployed | input | TRUE if Antennas are deployed

Deploy Antennal | output | Turning ON deploys antenna 1

Deploy Antenna2 | output | Turning ON deploys antenna 2

2.7 Zombie Detector

The Zombie detector is an external hardware device that checks the cpu for sanity and
radiation-induced, CMOS latch-up conditions. The IHU software must pulse the Alive
(GPIO) lead at least once per second. Failure to do this for any reason will cause the IHU
to be power-cycled.

Name | Type | Description

Alive | output | Pulse resets Zombie timer

2.8 GPS Receiver

Power is controlled via a GPIO lead. Data is via a serial (UART) port: 4800 bps, 8 data
bits, no parity bit, one stop bit. Uses National Marine Electronics Recommended
Minimum Sentence C format. The actual availability of the GPS receiver for the Fox-1
mission is currently unknown.

Name Type | Description

GPS Power | output | controls power to GPS receiver

GPS Data | UART | time, longitude, latitude and altitude
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2.9 Experiment

This is the interface to the experiment subsystem. Power is controlled via a GPIO lead.
Data is via an SPI port.

Name Type | Description

Spin Rate | input | satellite spin rate and direction (signed)
Wobble input | satellite maximum deviation angle from axis
EXP Power | output | controls power to experiment

2.10 Umbilical Port

The umbilical port is functionally a USB port. Unlike a standard USB port, the satellite
batteries can be charged directly from the +5 lead on the USB connector. Since battery
charging may require in excess of the standard USB current capability, a special power
adapter will be used when charging the batteries so the port will appear as a self-powered
device. To the USB host, the satellite will look like a COM port and will allow use of the
standard host USB COM driver. The intention is that the satellite can be easily used with
common terminal emulation programs such as PuTTY.

The Umbilical port is required for system test activities and during launch integration. It
is also available for general use in software development. Additional commands can be
added as needed. The only limitation is that there must not be any capability from this
port to directly activate the transmitter PTT without first testing to insure that the
antennas have been deployed as this could accidentally damage the satellite.

The following commands are the minimal set that is required.

2.10.1 Umbilical Port Display Functions
1. Display Telemetry Data

Display Software Version
Display CPU available

2. Display Experiment Data

3. Display Satellite Mode (command or transponder mode)
4. Display RF Status (Tx active)

5. Display Antenna Status (antennas deployed or not)

6. Display Up Time

7. Display Reset Count

8.

9.
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2.10.2 Umbilical Port Control Functions
1. Load the CPU Program (FLASH) Memory

Reset CPU (let Zombie detector fire)
Force Antenna Deployment - must be a multi-step command (i.e. always ask "Are
you sure?" !!!)

2. Clear Telemetry Min/Max data

3. Clear Reset Count

4. Clear non-volatile memory error count
5. Transponder Mode

6. Command Mode

7. Send Test Message

8.

9.

2.11 Non-volatile Memory

Certain satellite data is stored in non-volatile memory so that it will survive through a
CPU reset. This data needs to be protected to reduce the bit errors due to space radiation.
The protection must be at least double error detecting and single error correcting. The
data stored is as follows:

1. Telemetry Min/Max values

2. Experiment Data

3. CPU Reset count

4. Running total of non-volatile memory error count (reported in telemetry)

2.12 Debug Port

This is a serial port available for SW development use. It is not needed or used for the
mission. It is expected that a call to a debug "printf()" would direct the output string to
the debug port. It is expected this port would use asynchronous ASCII 8§ Data bits, no
parity, 1 stop bit, 19.2 k bps. As an alternative, the Umbilical port could be enhanced to
display software debug messages rather than use a dedicated serial port. This port could
be used for a debugger such as GDB if desired.
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3 IHU Start Up Sequence

This is the sequence of events after a CPU reset.

// Run Power On Self Test (POST)

// Max duration must be less than one second or pulse the Zombie detector
/I Check the program FLASH and run some kind of CPU test - at the very
// least, test the CPU internal RAM.

calculate checksum on program FLASH;
compare with stored value;
if (no match) {

halt and let Zombie detector fire;

}

check CPU;
if (CPU failed) {
halt and let Zombie detector fire;

}

// POST passed. See if we need to deploy the antennas.

if ( (Umbilical Port is NOT active) AND (Antennas are NOT Deployed) ) {
wait here 45 minutes while pulsing Zombie detector;
Activate antenna deployment mechanism;

}

increment Reset Count in Non-Volatile Memory;
boot up system;

done;
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4 Software Architecture

This shows the applications software subsystems and their interfaces after the start up
sequence has been executed (i.e. after system boot up.) The required functionality of each
subsystem is specified in this section.

Experiment
Subsystem

Experiment

E .
Xperiment Buffer

GPS GPS Buffer
Downlink RF Down link
Subsystem
RF Telem
Telemetry Telemetry
PSU Telem Subsystem Buffer Downlink
Commands
[HU Telem

Command

Subsystem RF Uplink

Local

Data From Commands
Telemetry and Umbilical y, Umbilical
Experiment Subsystem " Port
Buffers
CPU
Available Zombie

Detector
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4.1 Telemetry Subsystem

This module is responsible for collecting all of the telemetry and GPS information from
all of the interfaces, doing the Min/Max telemetry processing and providing the data in
the Telemetry Buffer.

4.1.1 Telemetry Buffer Data
Telemetry Data = {
CPU Up Time;
CPU Reset Count;
GPS Time;
GPS Location;
NV memory error count;
Current Telemetry Values { PSU, IHU, RF }
Min/Max Values;

4.1.2 Telemetry Processing
Do this every 15 seconds;

Get all telemetry parameters from interfaces;
Get GPS data and save in GPS buffer;

// Do MinMax processing
Read Min/Max Data from non-volatile memory;
if (Clear Min/Max command was received) {
set Min/Max data to current telemetry values;
}
else {
update Min/Max data using current values;

}

Write new Min/Max data to non-volatile memory;

Get Up Time;

Get Reset Count;

Update data in Telemetry Buffer;
done;



AMSAT Fox-1
IHU Software Architecture Specification

4.2 Experiment Subsystem

The Experiment Subsystem is responsible for running the experiment, collecting the data,
and updating the Experiment Buffer. The functionality of this subsystem depends directly
on the experiment requirements and will likely be different for each the Fox-I type
satellites.

The initial Fox-1 satellite mission will fly the Penn State Attitude Determination
Experiment. The required operation of this experiment is as follows. Once per day, the
experiment is activated. Experiment data is sampled by the IHU every 3 minutes for one
complete orbit. The orbit period will be approximately 100 minutes and a total of 34 data
samples will be collected. If the experiment successfully runs to completion, the new
experiment data is saved in non-volatile memory and the Experiment Buffer is updated
with the latest values. In between experiment runs, the Experiment Buffer shall contain
the data from the last successful experiment run or all 0's if it has not been run yet.

Note that the above description and following procedure is predicated on the assumption
that the power system can provide enough power to run the experiment in both command
and transponder mode. Based on current satellite bus and experiment power estimates,
this is the case but should the situation change, this procedure may need to be modified.

4.2.1 Experiment Buffer Data

// This is the contents of each experiment data record
type Experiment Record = {

Spin Rate;

Wobble Angle;

GPS Location;

3

// 'This is the data stored in the Experiment Buffer
Experiment Data = {

CPU Up Time;

CPU Reset Count;

GPS Time;

Experiment Record[34];

A
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4.2.2 Experiment Processing

Do this once at initialization {

}

Get saved Experiment Data from non-volatile memory;
if (data is valid) {
copy data to Experiment Buffer;
}
else {
clear Experiment Buffer;

}

Do this {

done;

Wait 24 hours;

Power up experiment;

Get CPU Up Time;

Get CPU Reset Count;

Get GPS Time from GPS Buffer;

Save to a local data structure; // Note: not in non-volatile memory!

Do this every 3 minutes for 34 times {
Get data from experiment;
Get GPS location from GPS Buffer;
Save in a local experiment record;

}

Power OFF experiment;
Copy saved local experiment data to non-volatile memory;
Update Experiment Buffer with saved local experiment data;



AMSAT Fox-1
IHU Software Architecture Specification

A
ap"

AMSAT

4.3 Command Subsystem

This subsystem is responsible for handling demodulation, decoding and execution of
commands sent from a ground control station via the RF uplink or from a local user via
the Umbilical port. For the initial Fox-/ mission, only the commands decoded in
hardware on the RF card are needed so no additional software demodulation and
decoding is necessary. This capability is reserved for use in future missions.

The Command Subsystem is responsible for controlling the satellite mode. Most
commands are handled by just sending a message to the appropriate subsystem. However,
if the satellite is in Command Mode, it must automatically switch to Transponder mode
after 24 hours unless a new Command Mode command has been received.

4.3.1 Command Subsystem Processing

Do this continuously {

done;

Monitor RF Uplink interface and Umbilical Subsystem for a new command;

if (Clear MinMax command is received) {
send clear telemetry message to Telemetry Subsystem;

}

else { // for. all other commands
send corresponding message to Downlink Subsystem;

}

if (command was Command Mode) {
Start or re-start the 24 hour timer;
}

if (received command was Transponder Mode) {
Stop the 24 hour timer;

}

if (24 hour timer expires) {
send transponder mode message to Downlink Subsystem;

}
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4.4 Downlink Subsystem

This subsystem is responsible for generating all of the downlink signals from the IHU.
This includes telemetry and experiment data frames and CW messages.

To create a data frame, the Downlink Process will add framing information such as a
satellite identifier, a data type field and frame number. The frame will have forward error
correction and interleaving (FEC) added and the resulting bits will be used to generate the
modulation waveform. The data format, framing, FEC and modulation details will be
specified in the Telemetry Interface document.

The Downlink Subsystem has 2 modes of operation; transponder mode and command
mode. These are controlled by messages from the Command Subsystem. The Downlink
Subsystem starts up in transponder mode.

In transponder mode, the data frames are sent continuously as long as the RF transmitter
is active. Data frames are sent at the low bit rate (~100 bps) to the RF card using the Tx
Narrow (narrow band) D/A channel. Telemetry and experiment frames are multiplexed at
a 5:1 ratio (i.e. 5 telemetry sent for each experiment frame.) If the RF transmitter is
inactive for 5 minutes, a CW Beacon message is sent to the RF card using the Tx Wide
(wide band) D/A channel. This continues every 5 minutes as long as the RF transmitter
is otherwise inactive.

In command mode, the RF transmitter is power-cycled at a 50% duty cycle to save
power. Approximately every 20 seconds, the transmitter is activated and the CW beacon
message is transmitted followed by one telemetry frame and one experiment frame. Data
frames are sent at the high bit rate (~10k bps.) The CW and data frames are sent to the RF
card using the Tx Wide (wide band) D/A channel.

In either mode, if a TEST command is received from the uplink subsystem, the IHU will
send the CW Test message and then revert to the prior mode operation.

As noted previously (see section 2.6 Antenna System,) it is essential that the THU
software refrain from activating the RF transmitter if the antennas have not been
deployed. The IHU software will be needed for the launch integration activities while the
satellite is inside the P-POD. Turning on the RF transmitter inside the P-POD could cause
irreparable damage to the satellite. Similarly, should the primary antenna deployment
mechanism fail for whatever reason, the satellite must not activate the RF transmitter
until the backup (passive) mechanism has deployed the antennas.

A
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4.4.1 Downlink Subsystem Processing

At initialization, enter Transponder Mode;
Continuously monitor interface to Uplink Subsystem for a command message;

In Transponder Mode {
Put RF card in transponder mode;
While (Tx Active) {
Send 5 Telemetry frames at low data rate;
Send 1 Experiment frame at low data rate;
}
While (NOT Tx Active) {
start 5 minute timer;
if (timer expires before Tx Active) {
if (Antennas Deployed) {
Put RF card in Command mode;
Turn on PTT;
Send CW beacon message;
Send 1 Telemetry frame at high data rate;
Send 1 Experiment frame at high data rate;
Turn off PTT;
Put RF card in Transponder mode;

}

In Command Mode {
Put RF card in command mode;
Do this every 20 seconds { // Set time to for 50% RF Tx duty cycle
if (Antennas Deployed) {

Turn on PTT;
Send CW beacon message;
Send 1 Telemetry frame at high data rate;
Send 1 Experiment frame at high data rate;
turn off PTT;
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// Downlink Subsystem Processing continued

In either mode {
if (TEST command is received) {
save current downlink mode;
if (Antennas Deployed) {
Put RF card in Command mode;

Turn on PTT;
Send CW TEST message;
Turn off PTT;
Go back to previous downlink mode;
}
}
J
done;

4.5 Umbilical Subsystem

This implements a local user interface on the satellite. This is expected to be used for
system testing and launch integration activities. The Umbilical Subsystem implements
the commands that are specified in the Umbilical Port section of this document (section
2.1 Umbilical Port.) It is also available for software development use. This subsystem is
not used in orbit.

4.6 Idle Subsystem

This subsystem handles the Zombie Detector and calculates the average available CPU. It
is intended that this Subsystem will run only when no other Subsystem has anything to
do. The Zombie detector is intended to detect transient CPU failures due to radiation
events that cause a system lockup. The Zombie Detector must not be serviced via an
interrupt as this could defeat the lockup protection.
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5 System Considerations

5.1 Physical Device Drivers
This software is needed to access and control the IHU hardware.

I’C

SPI

UART

A/D converter channels
D/A converter channels
GPIO inputs

GPIO outputs

Nk W=

5.2 Logical Device Drivers

This is the software needed to support the IHU interfaces. They may make use of one or
more underlying hardware drivers and provide the logical interfaces for the applications
software.

PSU Telemetry

[HU Telemetry

RF Telemetry

RF Downlink

RF Uplink

Antenna System

Zombie Detector

GPS Receiver

. Experiment

10. Umbilical Port

11. Non-volatile (EDAC) Memory
12. Debug Port (i.e. "printf()" facility)

RN hE LN =

5.3 Operating System
The IHU software will use the free version of the FreeRTOS operating system.

5.3.1 OS Task List and Priorities
5.3.2 Inter-Task Communications
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5.4 Performance Requirements

The Downlink Tx Audio D/A converters have hard real-time requirements. DMA should
be considered to offload the CPU for these interfaces.

5.5 CPU and Memory Constraints
Max CPU is 32 MHz.

Max RAM is 32K Bytes
Program FLASH is 128K bytes

5.6 Operational Constraints

System is intended to run on orbit but must also be able to run inside the P-Pod to support
the launch integration activities. Inside the P-POD, the antennas MUST NOT be
deployed automatically and the RF transmitter MUST NOT be activated!

5.7 Modularity and Maintainability

The experiment will likely be changed for each future Fox-/ type satellite mission. The
experiment processing software needs to be modularized so it is easy to change. New
experiments may have different up link and downlink requirements.

6 External Interface Specifications

Although not part of this document, detailed specifications are needed for each external
interface:

PSU Interface

RF System Interfaces
Experiment Interface

RF Downlink (Telemetry)
Command Uplink
Umbilical Port

Antenna System

Zombie Detector

7 Summary

This document specifies the Software Architecture for the AMSAT Fox-1 satellite. This
specification covers the initial mission flying the Penn State Attitude Experiment. Future
missions may require changes to this specification in order to support the experiment.
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Vertical Pol

Elewvation Plot
Azimuth Angle 0.0 deg.
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30 Max Gain 2.06 dBi
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Beamwidth 83.3 deg,; -3dB @ 318.1, 41.4 deg.
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Front/Sidelobe 0.0 dB

2m antenna pattern in XZ plane

(theta cut at phi =0 deg.)

Vertical Polarization (relative to satellite’s XY
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EZNEC+

Peak gain = +2.0 dBi

144 MHz

Curgor Elev 0.0 deg.
Gain 2.05 dBi
0.0 dBmax
0.0 dBmax=3D
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Vertical Pol

+5 dBi

EZNEC+

Peak gain = +2.0 dBi

JElevation Plot
(A zimuth Angle  50.0 deg.
Cuter Ring 5.0 dBi

30 Max Gain 2.06 dBi
Slice Max Gain  2.05 dBi @ Elev Angle = 353.0 deg.
Frent/Back 0.04 dB
Beamwidth 82.8 deg.; -3dB @ 312.1, 34.9 deg.
Sidelobe Gain ~ 2.02 dBi @ Elev Angle = 174.0 deg.
Front/Sidelobe  0.04 dB

2m antenna pattern in YZ plane
(theta cut at phi =90 deg.)

144 MHz

Curgor Elev  -7.0 deg.
Gain 2.06 dBi
0.0 dBmax
0.0 dBmax=3D

Vertical Polarization (relative to satellite’s XY

plane)
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Slice Max Gain  -3.38 dBi @ Az Angle = 270.0 deg.
Front/Back 3.43 dB
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15....
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EZNEC+

Peak gain = -3.4 dBi

2m antenna pattern
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Gain -3.38 dBi

0.0 dBmax

-5.38 dBmax30l
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EZNEC+

Peak gain = -0.7 dBi

Vertical Pol
Azimuth Plot

Elewvation Angle 45.0 deg.
Outer Ring 5.0 dBi

30 Max Gain 2.0 dBi

Slice Max Gain  -0.85 dBi @ Az Angle = 270.0 deg.

Front/Back 211 dB
Beamwidth ?
Sidelobe Gain < -100 dBi
Front/Sidelobe = 100 dB

2m antenna pattern
conical (phi) cut at theta = 45 deg. (45 deg.
Elevation); Vertical Polarization (relative to
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144 MHz
Cursor&z 270.0 deg.
Gain -0.69 dBi

0.0 dBmax
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Outer Ring 5.0 dBi
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Slice Max Gain  1.27 dBi @ Az Angle = 50.0 deg.
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Azimuth Plot
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Outer Ring 5.0 dBi
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0.0 dBmax

-0.94 dBmax30
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z
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Ret Loss
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146 MHz
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41.59 at 0.94 deqg.

= 41.58 + | 0.6829 ohms
0.09225 at 174.94 deg.
=_0.09189 +j0.008142
20.7 dB

-

3
0 0.2 05 @ 5

o

"

Base impedance of 598 mm 2 m antenna with the
437 MHz antenna floating (at 146 MHz)

U
W

-5

EZNEC+

Source # 1
Z0 50 ohme
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SWR

Z

Refl Coeff

Ret Loss

148 MHz
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47.44 at 16.94 deq.

= 45,38 + | 13.82 ohms
0.1512 at 100.24 deg.
=-0.02687 +j0.1488
16.4 dB

Base impedance of 597 mm 2 m antenna with the
437 MHz antenna grounded (at 146 MHz)

EZNEC+
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Z0 50 chms
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Z

Refl Coeff

Ret Loss
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1.018

49.57 at -0.75 deq.

= 48.57 - | 0.6734 ohms

0.008025 at -122.18 deg.

=-0.004274 - 0.006792
41.9 dB

Base impedance of 597 mm 2 m antenna with a 7 pF
shunt capacitor at base of antenna.
The 437 MHz antenna is grounded (at 146 MHz).

EZNEC+

Source# 1
Z0 50 chms
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Slides that follow are for the 437 MHz antenna on the
+Z edge of the +Y solar panel.



* Total Field EZNEC+

. Peak gain = +2.3 dBi
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437 MHz

Aemuinangle 0.0.deg 70 cm antenna pattern in XZ plane CursorElev 430 deg
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Vertical Pol

+5 dBi

Elewvation Plot
Azimuth Angle  50.0 deg.
Cuter Ring 5.0 dBi

30 Max Gain 3.33 dBi
Slice Max Gain  3.33 dBi @ Elev Angle = 158.0 deg.
Frent/Back 3.63 dB

Beamwidth 49 8 deg.; -3dB @ 135.9, 185.7 deg.

Sidelobe Gain  2.25 dBi @ Elev Angle = 314.0 deg.
Front/Sidelobe  1.07 dB

70 cm antenna pattern in YZ plane

(theta cut at phi =90 deg.)

Vertical Polarization is relative to satellite’s XY
plane.

EZNEC+

Peak gain = +3.3 dBi

437 MHz

Cursor Elev  158.0 deg.
Gain 3.33 dBi
0.0 dBmax
0.0 dBmax=3D
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Azimuth Plot

Elevation Angle 45.0 deg.

Cuter Ring 5.0 dBi

30 Max Gain 3.33 dBi

Slice Max Gain  0.11 dBi @ Az Angle = 270.0 deg.
Frent/Back 17.88 dB

Beamwidth 156.2 deg.; -3dB @ 191.9, 348.1 deg.
Sidelobe Gain < -100 dBi

Front/Sidelobe = 100 dB

EZNEC+

Peak gain = +2.3 dBi
Min. Gain =-1.6 dBi
3.9 dB variation

70 cm antenna pattern
conical (phi) cut at theta = 45 deg. (45 deg.
elevation)

437 MHz

CursorAz 50.0 deg.

Gain -17.77 dBi
-17.88 dBmax
-21.1 dBmax3D
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. Peak gain = +2.3 dBi

Vertical Pol Min. Gain = -1.6 dBi
3.9 dB variation
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Vertical Pol

Azimuth Plot

Elevation Angle 15.0 deg.

Cuter Ring 5.0 dBi

30 Max Gain 3.33 dBi

Slice Max Gain  3.03 dBi @ Az Angle = 270.0 deg.
Frent/Back 3.58 dB

Beamwidth 298.5 deg.; -3dB @ 120.7, 59.3 deg.
Sidelobe Gain < -100 dBi

Front/Sidelobe = 100 dB

+5 dBi

EZNEC+

Peak gain = +2.3 dBi
Min. Gain =-1.6 dBi
3.9 dB variation

70 cm antenna pattern
conical (phi) cut at theta = 75 deg. (15 deg.
elevation)

437 MHz

CursorAz 50.0 deg.

Gain -0.55 dBi
-3.58 dBmax
-3.88 dBmax3D
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* Total Field

Vertical Pol

EZNEC+

Peak gain = +2.3 dBi
Min. Gain =-1.6 dBi
3.9 dB variation

Azimuth Plot
Elevation Angle -45.0 deg.
Cuter Ring 5.0 dBi

30 Max Gain 3.33 dBi
Slice Max Gain  2.25 dBi @ Az Angle = 50.0 deg.
Frent/Back 3.86 dB

Beamwidth 282 5 deg.; -3dB @ 303.7, 236.2 deg.

Sidelobe Gain < -100 dBi
Front/Sidelobe = 100 dB

70 cm antenna pattern
conical (phi) cut at theta = 135 deg. (-45 deg. 453 dBmaxaD
elevation

437 MHz

CursorAz 270.0 deg.
Gain -1.81 dBi
-3.86 dBmax

Aug 5, 2012



* Total Field

Vertical Pol

Azimuth Plot

Elevation Angle -50.0 deg.

Cuter Ring 5.0 dBi

30 Max Gain 3.33 dBi

Slice Max Gain  1.24 dBi @ Az Angle = 50.0 deg.
Frent/Back 9.16 dB

Beamwidth 208.4 deg.; -3dB @ 345.8, 194 2 deg.
Sidelobe Gain < -100 dBi

Front/Sidelobe = 100 dB

70 cm antenna pattern
conical (phi) cut at theta = 150 deg. (-60 deg. Elevation)

EZNEC+

Peak gain = +2.3 dBi
Min. Gain =-1.6 dBi
3.9 dB variation

437 MHz

CursorAz 270.0 deg.

Gain -7.92 dBi
-5.16 dBmax
-11.25 dBmax3D

Aug 5, 2012



* Total Field ) EZNEC+

. Peak gain = +2.3 dBi
Vertical Pol Min. Gain = -1.6 dBi
3.9 dB variation
437 MHz
Azimuth Plot Cursor Az 270.0 deg.
Do sod 70 cm antenna pattern s 2015 cmax

-25.22 dBmax2D

e meame-sn0se  CONICAl (phi) cut at theta = 165 deg. (-75 deg. Elevation)
Front/Back 20,18 dB

Beamwidth 183.5 deg.; -3dB @ 358.2, 181.7 deg.
Sidelobe Gain < -100 dBi

FrontSidelobe > 100 dB Aug 5, 2012



* RH Circular Pol

Azimuth Plot

EZNEC+

Peak gain = -1.7 dBi
Min. Gain =-11.4 dBi
9.7 dB variation

Elevation Angle -50.0 deg.

Cuter Ring

30 Max Gain
Slice Max Gain
Frent/Back
Beamwidth
Sidelobe Gain
Front/Sidelobe

5.0 dBic

0.32 dBic
-1.63 dBic @ Az Angle = §5.0 deqg.
9.24 dB

204.1 deg.; -3dB @ 333.9, 175.0 deg.

= -100 dBic
=100 dB

70 cm RHCP and LHCP antenna pattern
conical (phi) cut at theta = 150 deg. (-60 deg.

437 MHz

258.0 deg.
-11.38 dBic
-5.73 dBmax
-11.68 dBmax3D

Cursor &z
Gain

Elevation)



FOX1 IHU SOFTWARE COMPONENTS

Version 1.0, April 1, 2012

Task: Task: Cmd
Task: Heath B ocassir Task: Task: Task: Task:
Startup i & Telemetry Experiment Downlink Uplink
Monltorlng (from umbilical)
Service: Service:
Configuration Logging
Interface: Interface: Interface: Interface: Interface: Interface:
Debug Umbilical Watchdog Radio o Audio Control
» (watchdog timer, (audio in/out, PTT, XMTR active, uplink data bus, RSSI
(Debug) (Umbilical) tailure detection) (TX/RX telemetry) lekh s (CMD/XPDR mode)
Interface: Interface: Interface; Interface: Interface: Interface: ferface:
Exper!ment PSU Antennas F-RAM RTC GPS :
(experiment, (antenna deploy, IHU
experiment enable) | (20} | antenna sensor) 7 {B1C) {GES)
Driver: Driver: Driver: Driver: Driver: Driver:
SPl He USART UsB , e N ADG/DAE
' . N (experiment enable, antenna deploy, antenna sensor, watchdog timer, failure (audio in/out, TX/
(P (P R, e L=l detection, CMD/XPDR mode, PTT, XMTR active, uplink data bus, RSS! squelch status; RX telemetry)

Operating Environment (e.g., FreeRTOS, AltOS)




Fox-1 Downlink Power Amplifier
Prototype

Measurement results
Marc Franco, N2UO

August 17, 2012



Power supply voltage sweep

Frequency: 145.9 MHz

Temp.: 25°C
Pin: 12 dBm

Vcc Current [mA] Pout [dBm] Pout [W] Pdc [W] Eff [%]

3.2 169 26.32 0.429 0.541 79.2

3.3 174 26.56 0.453 0.574 78.9

3.4 179 26.81 0.480 0.609 78.8

3.5 184 27.05 0.507 0.644 78.7

3.6 190 27.28 0.535 0.684 78.2

3.7 195 27.51 0.564 0.722 78.1

3.8 200 27.7 0.589 0.760 77.5

3.9 206 27.92 0.619 0.803 77.1

4 211 28.13 0.650 0.844 77.0

4.1 215 28.29 0.675 0.882 76.5

4.2 221 28.49 0.706 0.928 76.1




Temperature testing

Frequency: 145.9 MHz

Vec: 3.3V
Pin: 12 dBm
Temp [°C] 2nd harm. [dBc] Current [mA] Pout [dBm] Pout [W] Pdc [W] Eff [%]
-40 -59.4 181 26.92 0.492 0.597 82.4
25 -60.8 174 26.56 0.453 0.574 78.9
85 -60 166 26.19 0.416 0.548 75.9




Output spectrum

Ref Level 29.00 dBm  Offset 20.00 dB RBW 3 MHz

o Att 20 de SWT 30 ms @ WBW 10 kHz Mode Auto Sweep
@ 1Pk Clrw
ML M1[1] 26.00 dBm
ﬂ 145.800 MHz
-10 de D2[1] -59.95 dB
} \ 145.880 MHz
-20dB
-30 de
-40 di
-50 dB
-60 de g
-70 de L ﬁ
WWMW [yl b A mm} i upedi g P e s e oy b Pt g Aot el
-90 de

CF 250.0 MHz 691 pts Span 450.0 MHz

17.0%.2012

| CECEREE N 15:26:57 7

Date: 17.AUG.2012 15:26:56

 The third harmonic is guaranteed to be at least -75 dBc
(below measurement capability)



Ruggedness and stability

e Test conditions:
—Vcc:3.3to4.2V
— Pin: 12 dBm

— Load mismatch: short circuit, open circuit, various
values in between

e Results:
— No failure or degradation in performance after tests
— No oscillations or spurs observed



Future work

Awaiting exciter board to perform interface with the
amplifier

A driver stage may be needed

After integration is complete, more environmental and
performance tests will be performed

Final PCB layout, schematic and bill of materials will be
generated after all the tests are complete



e Hand assembled prototype using existing PC
boards



Receiving FOX-1 Satellite on 2 meters

Satellite Transmitter
Power

Power (dBmO)

Antenna Gain

EIRP

Path Loss

Orbit Altitude

Earth Radius

Elevation Angle

Slant Range @ 0°

Slant Range @ elevation angle
Slant Range @ 90°
Frequency

wavelength

Path Loss @ 0° elevation
Path Loss @ elevation angle
Path Loss @ 90° elevation

Ground Station

Antenna Gain

Rx Signal Level @ Q° elevation
Rx Signal Level @ elevation angle
Rx Signal Level @ 90° elevation

Noise

Antenna Temperature
Receiver Noise Figure
Receiver Noise Temperature
Total System Noise Temp
Receiver Bandwidth
Boltzmanns constant
Noise Power

Rx Noise Level

Carrier to Noise Ratio
0° elevation

@ elevation angle

90° elevation

CIN for 12 dB SINAD

Link Margin

0° elevation

@ elevation angle
90° elevation

400.00 mW
26.02 dBmO
1.00 dBi
27.02 dBmO

650.00 Km
6378.00 Km
10.00 degrees
2951.93 Km
2045.33 Km
650.00 Km
145.90 MHz
2.06E-03 Km
-145.13 dB
-141.94 dB
-131.98 dB

8.00 dBi
-110.10 dB
-106.92 dB

-96.96 dB

1000 K
6.00 dB
864.51 K
1864.51 K
15000.00 Hz
1.38E-23 J/K
3.86E-16 W
-124.13 dBmO

14.03 dB
17.22 dB
27.17 dB

4.00 dB
10.03 dB

13.22 dB
23.17 dB

minimum

= 0.174533 radians

10.00 degrees

2 meters

10.00 degrees

hand held "Arrow" antenna as measured by Central States VHF society

Kenwood D7 HT -122 dBm for 12 dB SINAD

10.00 degrees

Kenwood D7 HT -122 dBm for 12 dB SINAD

10.00 degrees



Fox-1 Experimental Payload
AMSAT

Faculty Advisor: Steven Strom
CoAdvisors: George Walters, Chris Coulston

Industrial Supervisor: Alexander Harvilchuck
Industry Sponsor: IBM

Mike Corona
Brandon Marvenko
Edward Pizzella




Introduction

» What is AMSAT?
» What is the experimental payload?
» NASA accepted

- Fox Satellite project participating in the ELaNa program




Engineering Requirements

» Receive and interpret commands from the
IHU (Internal Housekeeping Unit) via SPI

» Average power consumption will not exceed
200mW

» Measure Spin Rate, Deviation, Up Time

» Respond correctly to IHU commands: Reset
and Send

» PCB will conform to the internal dimensions
of the TU CubeSat chassis (10x10x10 cm)

» Withstand the launch and space conditions




Design (Hardware)
» Completed Prototype » In Progress Flight Board

. AT91SAM7 MCU - Final PCB

. Various Interface Headers > Similar to prototype
Multiple Power Sources - Four MEMS gyros for

. Indicator LEDs redundancy

- Two MEMS Gyros > Only high speed board-

- J-TAG Header to-board connectors




Design — Level O

<«—SPI Bus

Exp. Enable

Experimental Payload

Slave Select——>»




Design - Level 1

» ARM Microcontroller: AT91SAM7S256C
» Gyroscope: 2 axis analog output -> ADC

0JAp
|

0JAD

<—2xAnang-|_
<—SPI Bus——»
< 2xAnalog
AT91SAM7S256
< 2xAnalog
Slave Select—» 4—2xAnangL

Gyro — Gyro




Main FSM

Inform IHU that
payload is
damaged

All Gyros Failed

Enable

Start Up/ . . Calculate Spin
Initialize Gyroscope Test —Gyros Passed interrupts/ Fitter Queued Rate and
Gyro Data L
Deviation
Subsystem

Individual Gyros Failed

Update Old
Values




Gyro Subsystem FSM

» LPY410AL
» 2 Gyros in different orientations for all 3 axis
» 10 Hz Sampling rate

Read analog
value for X and
dd it to queu

Read analog
value for Y and
add it to queu

Read analog
value for Z and
add it to queu




Communication ISR FSM

. Verify .
REOEENE Read IHU Message CRC Pass && Valid Message Version Determine
Interrupt Message [ Message Type

Send Data

} LS B F i rSt CRC Fails| |Invalid Message Version

» Followed by
CRC field

end Spin rate,
Direction,

Wobble, and Up

time

Reset

Return from
ISR

Reset
Experimental |«
Payload

Size (Bytes)

Rate of spin of the satellite about the Z
Signed Variable axis, in degrees per second. Negative
A ReTE 2 integer -50 to +50 indicates -X spin direction, positive
indicates +X spin direction.
Signed Variable Deviation (wobble) of +Z axis in
iR RIal 2 integer -50to +50 degrees.

Total seconds since experiment
payload power-up or reset
[FOX1:XSR:3.4.3]~

Signed Variable 0-
LS 2 integer 32767

N -



IHU to Experimental Payload
Interface Control Diagram

IHU to Experimental Payload ICD

Response
Message Header Block Message Name Block Message CRC Block Data Block

startof | Message | softw spin  |peviation| Up

tart o sag oftware Name e Rate Time
Message | Version Build

2Bytes 2 Bytes
4 Bytes 2 Byles Yl
OxFFFFFFFF EE&E:{.;E 5] gﬁ;“arﬁ Message name (e.g. OxOFAQ = ?:22-515 - 2Bytes |2 Bytes | 2Bytes
ereen Version "SEND") Signed |jUnsigned] Unsigned

Possible Name Blocks
RESET =0x9F6
SEND = 0xFAQ

DATA =0xBB8

ACK =0x7D0

NAK = 0x3E8




Deviation Algorithm
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Centrifuge Test

All parts .25 inches
thick




V|brat|ons Test

Tester Information

Action
Verify all components of the
Experimental Payload system are
on and working properly.

Place the Experimental Payload
system on the shaker.

Set up the shaker to test the
board at the vibration and
amplitude provided by NASA

Turn the shaker on and test the
system for 5 minutes.

Power off the shaker after 5
minutes and remove the board.

Communicate with the
Experimental Payload and make

properly.

Overall test result:

Name of Tester:
Hardware Ver:

sure the gyroscope still functions

Team 1

Experimental Payload 1.0

The Experimental Payload system will be
strapped to a shaker.

ssed
|red
V/N

Expected Result
All Experimental Payload
components are functioning.

The Experimental Payload
system will maintain the same
position on the shaker.

The system is programmed and
ready to be run.

The Experimental Payload
remains in the same position on
the shaker.

The Experimental Payload is
fully intact (no pieces have
fallen off) and in the same
condition as started.

The Experimental Payload
system still functions properly.

N .

Test ID#:
Type:

Date:
Time:

Comments

Test Case Name:

Descrl o111 The Experimental Payload must be capable of withstanding the

_ vibration frequencies and amplitudes of launch provided by NASA

Experimental Payload
-9.1
Black Box



AM SAT Fox-1 Systems Engineering Documentation

By Jerry Buxton, NOJY
Fox-1 Systems Engineer
nOjy@amsat.org

The AMSAT Fox program introduced a new engineering process for AMSAT in which
engineering documentation is provided at each stage of development. We are archiving all of this
documentation on an on-line, backed-up, version control server. When the satellite has been
completed, we will have an archive of traceable documentation. This can serve as the basis for
planning and executing future satellite programs and can be updated to apply the lessons learned
of what went well and what did not.

AMSAT is a truly unique organization in that we are a non-profit corporation that manufactures
satellites using a geographically distributed, all-volunteer engineering staff. There are no common
or established guidelines to cover our situation. As such, the Fox program engineering practices
are themselves an evolving process. The practices used are drawn from industry sources,
especially NASA?! and IEEE.

AMSAT has adopted a common industry scheme known as numbered requirements. Each
individual requirement has a unique number assigned to it. The number allows a very precise
reference to a specific requirement and this enhances the overall traceability of the specifications.
The requirements are tracked throughout the documents using requirements tracking software,
from the ConOps down to the test results, in order to verify that all requirements are properly
implemented by the various systems that make up the satellite.

Due to US State Department ITAR? restrictions, our document server is only available to project
members who have been vetted to meet the requirements for a "US-person."” AMSAT, as an
educational organization, would like to publicly release the majority of our design documentation
to serve as a learning tool to anyone interested in satellite development. However, this must be
done in a specific way to meet the ITAR requirements. The information must first be released via
an openly available publication. We would also like to be able to discuss our satellite projects
with our own members, some of whom are not "US-persons” per ITAR. These AMSAT Space
Symposium proceedings provide a convenient mechanism for the needed publication in order to
make this information public domain and allow us to communicate with our members.

While many of these documents were published in the Proceedings of the AMSAT-NA 30" Space
Symposium and AMSAT-NA Annual Meeting, most of these documents have undergone changes
as the satellite design has progressed and evolved and so they will be reproduced in these 2013
Space Symposium proceedings. In addition, these proceedings also present new engineering
documents that have been produced since the last publication.

An introduction to these documents follows.



The ConOps document is the original form describing the expectations of the satellite. It is the
governing document from which all development is derived.

The System Requirements Specification is a document that provides the top level technical
specifications derived from the ConOps. This document describes what the system should do.
The inputs, outputs, functions, mass, volume, environment and other external characteristics are
included and specified in the system requirements. The level of detail for each requirement is
specifically chosen to provide a clear definition of what the systems will do without too much
specific detail or declaring how it will be done. This allows the engineers latitude in designing the
best approach to satisfying the requirement.

The Avionics System Design Specification is a document that provides specific details of how the
avionics system will be designed. The specifications are based on best design choices determined
by the teams. The signals, connections, connectors, volume, and requirements specific to each
system are stated in this document so that each system will fit together and function with the other
systems.

The Experiment Payload Requirements are requirements written for the Penn State student
designed attitude determination system. The actual system designed by the students was not
constructed before their graduation. The experiment payload system design is incorporated onto
the IHU board.

The Interface Control Documents (ICD) for the IHU to Attitude Determination Experiment, IHU
to RF System, IHU to PSU, IHU to Battery, IHU to Experiment 1, and IHU to Experiment 4 set
the requirements for connections and communication between the IHU and the various systems.
Each of the systems sends telemetry measurements and other signals to the IHU. The IHU sends
telemetry audio and control signals to the RF System and controls the experiments. The ICD
allows the systems teams to work on their systems knowing that their systems will interface
successfully.

The Downlink Specification Document sets the requirements for the downlink protocol and the
data to be sent in the slow and high speed downlinks. This allows the satellite and ground station
software teams to send the information to the ground and recover the data successfully.

The IHU Software Architecture Specification provides the design specifications needed for the
software design and operation of the Internal Housekeeping Unit.

The engineering documents published in these proceedings are what was available at time needed
for inclusion and we hope you find them interesting and informative. AMSAT intends to continue
to make the majority of the final technical documents, exclusive of satellite control information,
available in future publications.

I NASA Systems Engineering Handbook, NASA/SP-2007-6105 Revl
2 International Traffic in Arms Regulations, see:
http://www.pmddtc.state.gov/regulations_laws/itar_official.html




AMSAT Fox-1 Satellite
Concept of Operations

Date: October 19, 2011
Version: 1.03

AMSAT Fox-1 Satellite
Concept of Operations

1 Introduction

The AMSAT Echo satellite, also known as AO-51, has been the most widely used
amateur satellite due to its ability to provide basic radio communications with very
simple ground station equipment. It provides an FM repeater function that has very wide
geographical coverage allowing amateur radio operators to communicate over substantial
distances using just a handheld transceiver (i.e. a walkie-talkie) and a small handheld
antenna. This type of satellite operation is often referred to as the EasySat mode due to its
simplicity. It is extremely valuable in providing an introduction to satellite
communications and is often used for demonstrations given at schools, to scouting
organizations and at amateur radio publicity events.

After 6 years of service, Echo is nearing the end of its life due to battery failure. For the
sake of our space education and outreach activities, it is essential that AMSAT quickly
provide a replacement for Echo that can continue to provide access to the EasySat mode.
The Fox-1 satellite is intended as this replacement.

Building on a harsh lesson learned from Echo and inspired by the longevity of AO-7*, the
Fox-1 satellite project will introduce the concept of designed-in, partial-failure operation.
The satellite will be specifically designed so that when the battery fails, the transponder
can continue to operate when the satellite is in sunlight. Similarly, the satellite will be
designed so that the FM transponder can operate without relying on ground control or a
functioning processor in the IHU. These modes are intended to extend the usable life of
the satellite.

In addition to its primary mission as a communications satellite, the Fox-1 satellite will
host an experiment payload. Over the past two academic years, AMSAT has sponsored
senior design capstone projects to engage university students in a real-world engineering
experience. The AMSAT projects have focused on aspects of CubeSat design and
construction. Building on this success, one of the AMSAT sponsored student projects for
the 2011-2012 academic year at Penn State University will be to provide the experiment
payload that will be flown on the Fox-1 satellite. This experiment is a technology
investigation that is of interest to AMSAT.

Our previous spacecraft have often used passive magnetic attitude stabilization. While the
results have been satisfactory, we have no actual data on how well this mechanism works.
Large spacecraft with much higher power budgets have a substantially larger margin of
error with little ill effect. But the error in the stabilization of the antenna system on a
CubeSat is far more of a concern since the transmitter power is very limited.
Additionally, we have typically had to analyze the telemetry data on the ground to try to
ascertain the satellite spin rate about its magnetic axis. The objective of the student
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AMSAT Fox-1 Satellite
Concept of Operations

experiment is to directly measure the satellite spin rate and direction as well as the
"wobble" about the magnetic axis using a 3-axis micro electro-magnetic gyroscope and to
provide this information in telemetry to the ground.

AMSAT expects to submit a proposa to the NASA ELaNa® program for a low-cost
launch of this satellite. Proposals will be due in November of this year. If accepted, the
launch would be in the 2013 time frame. While AMSAT believes that this project would
nicely address the goals and objectives of the NASA program, there can be no guarantee
that the proposal will be accepted. However, AMSAT would still be free to purchase a
market-rate launch of this satellite through any of the CubeSat launch integrators such as
Cal-Poly.

1.1 Document History

DATE VERSION SUMMARY
Sept 20, 2011 1.00 Base Version
Req. 3.3 updated to 45 min. for NASA LSP-REQ-
October 8, 2011 1.01 317.01, added ref. to NASA LSP-REQ-317.01
in sec. 5, added document history in 1.1
October 9, 2011 1.02 Added Requirements Tracking
October 19, 2011 1.03 Update information on student experiment

1.2 Program Goals and Objectives

The AMSAT Fox-1 satellite program is intended to:

1. Provide an on-orbit FM transponder to allow wide-area communications between
amateur radio operators using simple ground-station equipment.

2. Develop a1U CubeSat design that can host an experiment payload.

3. Promote closer relationships with universities including student development of
satellite components and subsystems.

4. Implement a new engineering process that will improve AMSAT's ability to plan,
manage and finance satellite projects.

5. Implement an engineering process that will meet the requirements for submission
of proposalsto the NASA ELaNa program.

6. Provide required software needed by the AMSAT Operations team to operate the
satellite in orbit and to collect and archive telemetry and experiment data.

7. Complete the satellite development in time for a 2H 2013 launch.

1.3 Mission Overview

The primary mission of the satellite is to provide a wide-area, amateur radio
communications capability that can be accessed using very simple ground station
equipment such as a handheld FM transceiver paired with a small, handheld beam
antenna. The satellite communications transponder will employ analog, narrow-band FM
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like that typically used on the amateur radio VHF and UHF bands. The satellite is
expected to support the primary mission for at least 5 years in orbit.

The secondary mission of the satellite is to host an experiment payload. The radio
communications capabilities of the satellite will be used to uplink control commands for
the experiment as needed and to downlink data collected from the experiment to ground
stations.

1.4 Document Scope

The purpose of this Concept of Operations (CONOPS) document is to describe the
satellite system and how it will be used. Thisis not a requirements document but provides
operational context that should be helpful in developing and understanding system
requirements and interface specifications.

2 System Description

2.1 Spacecraft
The Fox-1 satellite is expected to have the following features and characteristics:

1 Unit CubeSat

650 km, sun-synchronous, circular orbit

FM analog transponder

400 mW or greater RF power output

Uplink on 70 cm band

Downlink on 2 meter band

Experiment payload

Permanent magnetic stabilization

Deployable antennas (no other deployables)
Fixed solar panels on all 6 sides for power
Rechargeable battery to support operation during eclipse
Simple IHU based on a 16-bit microcontroller
Proprietary scheme for control uplink

FSK for sending telemetry and experiment data

Thislist is preliminary and is subject to change. Please note that this CONOPS is not the
controlling document for satellite technical specifications.

2.2 Telemetry and Experiment Data

Telemetry data consists of monitored points that provide a measure of the satellite health.
The satellite will autonomously measure these points and transmit them on the downlink.

Experiment data will be collected as per the requirements of the experiment and will be
stored and/or transmitted as needed.
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The telemetry and experiment data, will be transmitted in the clear allowing any ground
station to receive it. The information needed to demodulate and decode the downlink
signal will be placed in the public domain. An open-source, software package for
decoding the telemetry and experiment datawill be made available by AMSAT.

2.3 Satellite Commands

The satellite will accept commands from a control station. These are used to control the
mode and operation of the satellite. Commands are intended to be limited to use by
authorized stations only. Private codes and/or unpublished information will be required to
command the satellite.

2.4 Ground Control Stations

It is expected that control stations will not require any specialized radio equipment but
may need to be able to generate higher radiated power levels than typical for users in
order to gain control of the satellite. This could be accomplished with a high-gain Y agi
antenna and/or a high-power amplifier.

In order to command the satellite, specialized software will likely be required. This
software will be provided as part of the satellite development effort.

2.5 Amateur Radio User Stations

This satellite will use radio standards commonly used on the amateur radio VHF and
UHF bands and will not require any specialized equipment for normal operation. A
handheld, dual-band FM transceiver paired with a small hand-held Yagi antenna should
be considered a typical user station. Operation with fixed, omni-directional antennas
should also be possible with typical amateur radio base and mobile transceivers.

3 Satellite Operational Modes

3.1 Quiescent Mode

This mode will be used when the satellite is flight ready but has not yet been integrated
into the deployer (P-POD.) A "Remove Before Flight" pin, inserted into its receptacle on
the satellite, will disconnect the battery and prevent any operation of the avionics.

3.2 Deployer (P-POD) Mode

After the satellite is integrated with the deployer, the "Remove Before Flight" pin will be
pulled but deployment switches on the satellite will prevent power-up of the avionics. In
this mode, a test umbilical cable can be connected to a port on the satellite which will
allow the avionics to be powered, the battery to be charged and diagnostic tests to be run.
Once a CubeSat has been integrated with its deployer and the launch acceptance tests
have been run, the only way to know if a satellite is still functional is via these diagnostic
tests. Therefore, the diagnostics should be as thorough as possible within the limitations
of the deployer environment.
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3.3 Startup Mode

When the satellite is released in orbit, the deployment switches on the satellite will be
activated allowing the satellite to power up. At this point, the satellite will enter Startup
Mode. The satellite will time a 45-minute interval and then deploy the antennas. This
delay is required by the CubeSat Design Specification. After deploying the antennas, the
satellite will enter Transponder Mode.

3.4 Transponder Mode

In Transponder Mode, signals appearing on the uplink will be repeated on the downlink.

Amateur radio user stations can use the satellite for general communications with each
other. The satellite will simultaneously send telemetry data on the downlink using the
frequency spectrum below the audible range so as not to interfere with transponder
communications.

The satellite will also monitor the uplink frequency for acommand from a control station.
A control station can command the satellite to enter Command M ode.

3.5 Command Mode

Command Mode is intended to support experiments that require more satellite resources
than can be provided in Transponder Mode. This would include more power and higher
downlink data rates.

In Command Mode, signals appearing on the uplink will not be repeated on the downlink.
The satellite will use the downlink exclusively to send telemetry and experiment data. It
will also monitor the uplink for commands from a control station.

After 24 hours, the satellite will automatically return to Transponder Mode unless another
command is received. For multi-day experiments, a control station would need to send a
command at least once a day to the satellite to keep it in Command Mode. A control
station can also directly command the satellite to enter Transponder Mode.

3.6 Transmitter Inhibit

In order to meet FCC requirements, the satellite will accept a control station command to
inhibit the transmitter regardless of the operating mode. Once inhibited, the transmitter
will not be activated under any conditions but the satellite will continue to monitor the
uplink for commands. A control station can send a command to remove the inhibit and
re-enable the transmitter.

3.7 Partial Failure Operation

Partial failure tolerance is intended to extend the usable life of the primary mission of the
satellite. An experiment may or may not be operable under a partial failure scenario.

3.7.1 Battery Failure

If the battery deteriorates or fails completely including a short circuit, the satellite will
continue to operate on its solar panels while in the sun. In eclipse, the satellite may power
down. When back in sunlight, the satellite will automatically enter Transponder Mode.
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3.7.2 IHU Processor Failure

The satellite will operate in Transponder Mode by default and will not require
intervention from a ground control station. If the processor on the IHU fails, there may be
limited control of the satellite and limited or no telemetry data available but the
transponder will continue to operate.

4 Mission Operations Overview

The AMSAT operations and engineering teams will work together to commission the
satellite after launch. Commissioning is expected to last for only a few days to insure the
satellite is operating nominally. After commissioning, the satellite 