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Facilities

• 3’x4’ Wind Tunnel

• UAV Development Lab
– Composite fabrication

– Systems development and test

– Full machine shop including CNC

• Flight Support
– AUO Airport

– RC Field

– AU Field (in planning)



Resources

• Guidance/Comms

Systems

– Micropilot COTS autopilots

– AU-developed autopilot

• COTS sensor board with 3 

axis accelerometer, rate 

gyros, magnetometer, and 

GPS

• COTS Linux-based SBC

– COTS wireless LAN and 

serial modems



Resources
• Platforms

– 3 RC trainer 

airplanes, park 

flyers, sport model

– 9’ Wingspan, 30 lb 

GW, modular UAV



Research Areas

• Open architecture guidance and 

control system

• Conflict/collision avoidance

• Robust control & agile flight

• Flight in adverse environments



AU Open Architecture UAV 

Guidance and Control System
• AU-designed hardware and software 

using off-the-shelf sensors and a linux-

based computer-on-module processor

• Sensor suite including GPS, IMU, 

magnetometer, static and dynamic 

pressure, and AGL altimeter

• 16 channels of A/D input available for 

future needs

• 8 channel servo controller with fail-

safe for override by RC and lost-

signal/lockup protection

• Object-oriented software suite 

provides attitude estimation, inner-loop 

control, and way-point navigation

• Simulation environment using open-

source flight simulator for testing on 

Windows or Linux desktop computer
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Single Board Computer

Gumstix Overo™ Earth

Processor:

• OMAP 3503 Application 

Processor with ARM Cortex-

A8 CPU 

Clock: 600 MHz 

Performance:

• Up to 1200 Dhrystone MIPS 

Memory: 

• 256MB RAM

• 256MB Flash



Microcontrollers
Atmel XMEGA Microcontrollers

• 32 MHz Clock

• 128 KB Flash

• 4 KB EEPROM

• 16 KB SRAM

• 16 12-bit A/D

• 2 12-bit D/A

• PWM Generation and Capture

• 50 Programmable I/O Lines

• Single 3.3V Supply

Control system uses one 

microcontroller for sensor data 

acquisition and one for PWM 

generation and fail safe
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UAS Conflict Avoidance

• Assuring adequate separation between manned and 

unmanned aircraft is a key consideration for acceptance 

of unmanned aircraft into the national airspace system

• AU Thrust areas

– Collaborative conflict avoidance

– Radar / EO fusion for traffic detection and conflict 

avoidance

– Statistical modeling

• Estimating Time to Loss of Separation with 

Uncertain Position and Velocity Measurements

• Estimating uncertainty of future motion



Conflict Avoidance Topics

Collaborative collision avoidance using passive sensors

• Use of passive sensors for collision avoidance is desirable from a 

size, weight, and power standpoint; however, passive sensors (e.g. 

electro optical, infrared) don’t provide range information

• Using two unmanned aircraft cooperatively 

allows use of triangulation to fix position of 

potential conflicts

• Study evaluated concept and methods 

for dynamically positioning aircraft to 

minimize range error and improve 

position estimates of conflicts



Conflict Avoidance Topics

Estimating Time to Loss of Separation with Uncertain Position and 

Velocity Measurements

• Maintaining separation between aircraft is paramount for air traffic 

control and time to loss of separation is one metric that can be used 

for determining whether two aircraft are a potential threat to each 

other

• Uncertainties in the position and velocity estimates of two potentially 

conflicting aircraft can corrupt the estimate of when and if those two 

aircraft will lose separation

• The uncertainties can arise from sensor limitations as well as 

uncertainty about possible future maneuvers of each aircraft

• This study evaluated the effects of uncertainty on predictions of time 

to loss of separation and evaluated several improved algorithms for 

improving estimation of time to loss of separation in the 

presence of uncertainty



Robust Control/Agile Flight

GOALS

• Autonomous control through 
full flight envelope of aircraft

• Upset/stall/spin recovery

• Enhanced maneuverability

• Recovery maneuvers
– Minimum speed landing

– Perching

STATUS

• Testbed control system under 
development
– Tightly coupled GPS/Inertial

– Kalman-filter based multiple 
model algorithm

Source: flyingcirkus.com



Design for

Adverse Environments

GOALS

• All weather 
operation

• Tropical storm 
monitoring

• Wake vortex safety

Source: NOAA



Freewing Concept

• Wing is free to pivot in pitch to maintain 
moment balance about the axis of rotation

• Because the aerodynamic center is aft of the 
axis of rotation, the wing angle of attack 
remains constant for a given elevon 
deflection

• Elevon deflection balances the airfoil pitching 
moment and CG moment about the center of 
rotation
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Freewing History

Spratt Controlwing 1937
Photo: EAA Sport Aviation 1974

Early Spratt Controlwing (1912?)

Photo: Bill Wolfe, www.georgespratt.org

Freebird MK-IV
Photo: Freewing Aerial Robotics

Hugh Schmittle and George G. Spratt
Photo: Freewing Aerial Robotics

Scorpion UAV
Photo: Freewing Aerial Robotics



Advantages of 

Freewing Design

• Constant angle of attack  constant lift 
reduced gust sensitivity  much more stable 
sensor platform 

• Up to 4-to-1 Reduction in Vertical Gust 
Sensitivity

• Freewing adjusts automatically during transition 
from hover to forward flight

• Reduced download on wing surfaces during 
hover

• Cannot stall or spin



Segmented Free Wing

• For large-span aircraft, the gust field 

may vary along the span of the wing 

affecting the lift distribution / loads 

on the wing

• Segmented free wing divides the 

wing into multiple segments that can 

pitch independently equalizing the 

load over the span of the wing

• Wind tunnel and truck-mounted 

tests have been conducted to 

evaluate the concept and determine 

feasibility

• Initial wind tunnel tests showed 

dramatic reduction in rolling moment 

when operating in a spanwise

velocity gradient


