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Level 1 Level 2 Level 3

TestTable Construct a TestTable to allow for 2D translation 
dynamics with passive control, 1D rotation dynamics, 
support weight of MockSat, stationary attitude reference

Moving attitude reference

MockSat
Hardware

Power source, position sensor, coarse orientation sensor, 
fine orientation sensor, redundant reaction wheels, 
ADCS/fault injection processor, data storage, 15 minute 
constant operating time

30 minute constant 
operating time

60 minute constant 
operating time

Fault Injection Inject fatal operating fault into primary reaction wheel 
after pre-determined time from testing start

Inject fatal operating 
fault into coarse sensor

Fault 
Management

Upon fault injection, the MockSat will recognize the 
presence of the fault and enter a safe mode

Upon user command, 
MockSat responds in a 
way that maintains 
operational integrity

MockSat
Control

Active planar rotational control with passive translational 
control

Comm/Data 
Handling

Flight software and fault uploaded prior to testing, 
telemetry data stored on-board MockSat, Ground Station 
data analysis post-test

Wired, real-time 
telemetry and fault 
injection

Wireless, real-time 
telemetry and fault 
injection



FAULT

Fault Data

Mitigate

Ground Station Unit (GSU)

CONOPS  (10x speed)





Leveling mechanism

Target reference
actuator

Target reference

Station-
keeping 

apparatus

MockSat

12”

Testing suite



XBee Wireless Transmitter/Receiver

Fine FOV Optical Sensor (x2)

Coarse FOV Optical Sensor

Power Conditioning Board

12"

Reaction Wheel (x2)

MockSat Concept

Reaction Wheel Motor Controller (x2)

LiPo Battery

Total Weight 12.9 lbm
MOI about Axis of Rotation 224.5 lb*in2

Height 5.9 in
Width 12 in

Mass Balance (x3)



• Proper motor selection will enable team to meet control 
system bandwidth requirements.
• Careful and accurate characterization of motor 

performance and internal friction of the motors is 
absolutely essential.
• Internal friction data is needed for both the control system 

and the ability to introduce reaction wheel faults.



• Ultimate goal of the project revolves around fault 
management (FM).
• The ability to introduce fault requires extremely accurate 

characterization of the entire MockSat system.
• Difficult to test and evaluate FI & FM until the various 

subsystems have been characterized and fully integrated 
into the MockSat system.





Built-in margin
Component critical path
Milestone







Scope: What is involved? Specific components Status

MockSat

Structure plates, standoffs, hardware 100%

Internals motor mounts, PIXY assembly, misc. brackets/tie-downs/etc. 15%

TestTable

Leveling mechanism ball joint mounting assembly, jack screw blocks 100%

Station-keeping apparatus 80-20 gantry, bearing block, rod, MockSat interface 100%

Target actuator spin module housing, stepper motor 33%

Reference target LED bulb, battery, rigid arm 25%



Motor Mounts 
(x2)

Pixy Mounting 
Assembly

Mass Balance 
Weights (x3)

12"

Misc. mounting items:
• brackets
• PCB stand-offs
• tie-downs
• cable management

Faraday cage for 
interference-sensitive 

components





Test:
• LiPo battery: 5000 mAh 25C 4s
• 15 Ohm power resistor
• ~1 A discharge (~0.75 A expected in system)
• Level 3 Success verified: battery can power 

system for over 1 hour



Xbee
(120 mA)

Fine 
Sensors 

(280 mA)

Coarse 
Sensor 

(140 mA)

MCU
(<400 mA)

• PCB connects to XT-90 battery connector
• DC-DC Converters have current output limits of 606 mA for 3.3 

V and 400 mA for 5 V
• 3.3 V plane and 5 V planes have margin below current limit

14.8 V In

Motors









• 12 MHz Internal Oscillator
• PLL Multiplier of 16
• 192 MHz System Clock
• Digital I/O
• Single Interrupt Priority
• 100 ms S/W loop limit
• 16-bit PWM
• 3 SPI chip selects

• Two 24 Ch. 12-bit 
ADC/DAC (backup)











Click to add text

Live data readout with multiple options for data feedback



(motor characterization)

(Arduino)

deployment (Atmel SAMe70)







Fine FOV Optical Sensor (x2)

Coarse FOV Optical Sensor

Sensors Location



Fine FOV Optical Sensor (x2)

Coarse FOV Optical Sensor

Sensors Location



Scope: What is 
involved?

Specific components Status
Level of Confidence/

Main Concern

Hardware

Pixy Cameras Camera board, lens, connections 80%
None: Missing 

percentages are 
delivery only

Encoders
Breakout board, magnets, 
wiring/connections 20%

Magnet Mounting 
Tolerance

Software

Coarse/Fine
sensor 
calibration

Parameter tuning 45%
Final Target Selection 

and Fine Lens 
Calibration

Encoder 
configuration

Communication, performance 
confirmation 15%

Converting demo-board 
info to final 

configuration

Prototype 
replication 

Replicate Arduino Prototype on SAM 
E70 15%

Communication from
Pixy to SAM E70





100%

90%

70% 60%
70%

Expected input signal 
derived and 

implemented  

Need torque to 
voltage conversion

(TF: ongoing)

Need PWM to 
current 

conversions built 
into simulation

(TF: ongoing)

Need current/PWM to 
torque for the motor and 

engine parameters

(TF:  ongoing)

Need to rerun TestTable
friction quantification

(TF: 1 week)

PWM PWM



Complete

• Simulation Runs

• Simulated Input Accurate

• Output Integrity (correct units)

• PID Tuning Procedure

Incomplete

• Export to C++ Code

• Characterize Motor 
Parameters

• Identify Signal Types and 
Time Delays

• Mitigate Numerical 
Instability

Potential Problems

- SIMULINK understanding 
and compatibility with 
other software

- Motor testing and 
potential hardware swap

- Compatible SIMULINK 
integration

- Dividing by small 
numbers (shaft inertia) 
causes numerical blow 
ups



Fault 
Injection

Reaction 
Wheel

Fine Sensor

1) Create Function

2) Unit test function

3) Sub Integration

4) Final Integration

1) Create Function

2) Unit test function

3) Sub Integration

4) Final Integration

1) Create Functions

2) Unit test function

3) Sub Integration

4) Final Integration



• Difficult and time consuming to 
unit test
• Complex logic
• Nested function calls

• Nested functions to fault check 
reaction wheel and sensors will be 
easier to unit test

• Alerting GSU will need assistance 
from communications
• GSU has yet to be developed
• No experience with Xbees

• Shutting off primary reaction 
control wheel requires help from 
someone with MCU experience 



Concerns:
• Reaction Wheel Fault Injection: low SNR for nominal reaction wheel friction
• This affects our ability to inject a reasonable friction to detect

• Plan B is to increase the induced friction to a value that is easily 
detectable for the fault management system

• Reaction Wheel Fault Injection: classify the induced friction





TestTable-
Blower------------------------------
Leveling System------------------
Mobile cart------------------------
Encoder----------------------------
Station Keeping Apparatus

Structure------------------------
Hardware-----------------------

Reference Target Actuator-
Housing----------------------------
Motor-------------------------------
Arduino-----------------------------
Light Source-----------------------
Arm---------------------------------
Encoder----------------------------

MockSat-
Structure----------------
Brackets/Mounts-------
Wiring--------------------
Hardware

PCB--------------------
MCU-------------------
Pixys-------------------
Battery----------------
Motors----------------
Motor Controllers---

Software
FI/FM------------------
Controls---------------

GSU-
GUI -----------------------
Software ----------------

Completed
Completed
Completed
Ordered

Completed
Completed

In-Hand
In-Hand
In-Hand
In-Progress
Determination Required
Ordered

Completed
In-Progress
In-Hand

Designed and Ordered
In-Hand
In-Hand awaiting lenses
Characterized and ready
In-Progress
In-Progress

In-Progress
In-Progress

Incomplete
In-Progress







• Discrepancies derive from:
• Purchase of extra 

motors to test two 
different families of 
motors

• Lack of 
communication 
purchase

• Overestimation of 
power
• Have yet to 

purchase PCB
• Pricy IMU deemed 

unnecessary
• Overestimation of 

cost of structural 
material















Key To-Do Item:
• Test and Characterize Motor 

Parameters




