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F16 Equation of Motion 
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Aerodynamic 

moments 

f = p+ tanq(qsinf + rcosf)

q = qcosf - rsinf

y =
qsinf + r cosf

cosq

xE = ucosy cosq + v(cosy sinq sinf - siny cosf)+w(cosy sinq cosf + siny sinf)

yE = usiny cosq + v(siny sinq sinf + cosy cosf)+w(siny sinq cosf - cosy sinf)

zE = -usinq + vcosq sinf +wcosq cosf
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Linearization Around a Trim Point 
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Trimming the F16 Aircraft 

State for the 

longitudinal dynamics 

Trim point 

Control 

derivative 

matrix 
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Analyzing the Longitudinal Motion 

Short period mode 
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Altitude Characterization 

Transfer function 
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Altitude Characterization Contd: Impulse Response 
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Pitch Characterization 

Transfer function 

Poles and zero 

configuration 

Root locus 
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Controller Design Techniques: Pole Placement 
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Pole Placement Contd. 
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Controller design 

Pitch tracking 

Selected poles 
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State Feedback with Input Gain 
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State Feedback with Input Gain Contd. 
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State Feedback with Integral Action 
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Pitch tracking 
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LQR Controller Design with Integral Action 
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LQR with Integral Action Contd. 
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LQR with Integral Action Contd. 
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Pitch tracking 
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PID Controller 
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PID Controller 

20 

 

 

 

 

 
 

 

Pitch tracking 
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Input Output Linearization 
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Auto Pilot Design: Altitude Tracking 

23 

 

 

 

 

 
 

 

rad2deg

result

To File

T

Time

Subsystem

Selector

statedelta_lef  (deg)

Leading Edge Flap

1

s

Integrate 

F16 State

Derivatives

K*u

Gain2

G

Gain1

F-16 Non-linear

Plant

Ue

Equilibrium control input

Demux
Demux

16000

Constant2

Command

Saturation4

0

Clock



Results: Altitude Tracking 
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Auto Pilot Design: Pitch Tracking 
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Results: Pitch Tracking 
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Conclusion 
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 Altitude tracking and pitch tracking is achieved with 
elevator input 

 

 Six different controllers were tried to find the best 
controller that achieves the desired result when 
applied to the nonlinear F16 dynamics 

 

 Altitude tracking is achieved with state feedback with 
input gain controller that eliminates steady state error 

 

 Pitch hold is achieved with pole placement controller 



Future Work 
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 Trim the system at various trim points and find various gains to 
increase the operating region (Gain Scheduling) 

 

 Analyzing the motion in lateral direction 

 

 Analyzing and develop controllers for the nonlinear system 
instead of linearizing the system at a trim point 

         Ex: Dynamic feedback linearization(input- state feedback), Sliding 
mode controller, back stepping controller or adaptive robust 
controller 

 

 Experimental verification and implementation of the F16 aircraft 
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