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Overview

e Customer’s Requirements (MS1)

e System Modeling (MS2 — MS3)
— Plant
— Controller
— Simulation
* Implementation (MS4)
— Hardware

— Software



The Customer

e The Distributed Space Systems Lab (DSSL) is interested in controls such as:
guidance
navigation
control of single/multi platform aerial systems
(quadrotor that has only flown under remote control)

e The DSSL requirement for this project: hover and position control

Distributed Space
Systems Lab




System Modeling

e Plant Identification (MS2)

e Controller Design (MS3)



Plant Identification (MS2)
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Angular Velocity and Thrust Curves*

Thrust (N)

*Verification in Progress



Linearized State-Space Equations
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Controller Design (15t attempt)

Error between set point and actual state
in Inertial Coordinates

setpoint
(Inertial Frame)
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Controller Design (LQR)

UJsed Matlab to calculate the Gain Matrix for
Proportional Control

qrd(A,B,eye(12),0.1*eye(4),1/120)

— Discrete time linear quadratic regulator

— Minimzes cost function that balances control
effort with the state error
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Matlab Simulation

Lineraized Quadrotor Simulation with Full State Feedback - non-idealities included
linearized about a hovering position requiring 164 98 (rad/s)*2
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State Estimator

Terminator

Postion in Body
Corrdinates

Translational Velocity
in Body Corrdinates

MATLAB » K (z-1)
Function u Y a Tsz
inertZbody Selector Discrete Derivative

Angular Velocity
in Body Corrdinates
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Simulation Results

Z step (1 m)

X step (1 m)




Implementation

e Hardware
— Motor Control & Power
— Communication
e Software
— Python
— Vicon API (limited)



Hardware- Motor Control & Power

MOSFETs — MTP3055 &

*12A max current Q\\
*0.15 Q on Resistance k\
eldeal for switching

Opto-lsolator — LTV-847 (Lite-On)
*Quad-package
* 4us rise-time (25x base freq.)
*Cheap! (50.75)

*Battery —Li-Polymer 3 Cell

2100 mAhr (~40 min of flight)
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Hardware - Communication

*Vicon Camera System
* “0.1mm” accuracy
*120fps
*Expensive — DSSL lab already has
eLaptop Running Matlab
*ZigBee Wireless
*900MHz
*Easy to Implement
*High Baud Rate (100kBaud)
*Network Link
*Atmel ATMEGA328 microcontroller
eFamiliarity
*Relatively cheap
*Has all the functionality
*PWM (we’re using 10Khz)
*Analog in
*Already had programmer and working development
Environment




PC Board Layout

Wireless Reclever




Old Software Plan

Use Simulink for feedback loop
o Allows for rapid prototyping
o Has built in simulation to verify implementation

Send motor commands over serial link
Have Simulink pull data from Vicon

o Required writing custom S-functions
o No easy way to trigger loop when data comes in

No easy way to stop quadrotor



New Software Requirements

o Should be easy to implement and make
changes

o Ability to verify implementation

« Real time diagnostics and data logging
capabilities

o Have a safe way of stopping the quadrotor



Current Software

o Written in Python

Scipy and Numpy for numerical computation
o Gives the power of Matlab to Python
o Able to import and export data as .mat files

GUI written with the PyQT4 interface

PyQT4 network stack used for Vicon interface
~eedback control loop uses dedicated thread
~ully cross platform compatible
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