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In this paper, a low cost sensor and autopilot solution that uses a non-linear Kalman Filter combined with a complementary 
filter to estimate the attitude of a small Unmanned Aerial System (UAS) is presented. A full six degree of freedom non-linear 

model of the UAS was first developed in a Matlab/Simulink simulation environment to design the guidance and control law 
algorithms. Parameter identification techniques using real flight test data were implemented to optimize and validate the initial 
aerodynamic model. The control laws are primary based on a Linear Quadratic Regulator (LQR) state feedback applied to both 
the inner and outer loops of the longitudinal and lateral dynamics of the aerial system. The guidance logic allows tracking of 
virtual waypoints previously defined by the user. The proposed system configuration was successfully tested within a flight 
test program at Embry-Riddle Aeronautical University aimed at investigating and implementing UAS low cost technologies 
for research and education. During a single flight, the UAS was able to follow twenty nine consecutive waypoints within a 
maximum error of fifteen meters of radius under fully autonomous flight.
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