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Deploy Munition on Target

Missile-Protected Environment

Optimize Survivability
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Problem Statement
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Problem Statement - Illustration



Aircraft
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Physical Model

MunitionMissile



 3DOF – Kinematics, Dynamics & Control

 Decoupled Engine & Aerodynamic Models 

 Pilotable Control Inputs:

– Load Factor

– Roll Rate

– Throttle
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Aircraft Model

Quaternions Euler Angles



 2 Phase Maneuver:
– Climb

– Evasion Maneuver

 Minimum Time Optimization

 GPOPS (& FALCON)

 “Open-Loop”

 Parameter Inputs:
– Munition Toss Altitude

– Munition Toss Mach

– Maneuver Turn Angle
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Flight Course



2 Types

Determines 
Aircraft Range 
From Target
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Munition Model ሶ𝑥 = 𝑣 cos 𝛾
ሶ𝑦 = 𝑣 sin 𝛾
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Ballistic Gliding



3DOF – Kinematics, Dynamics & Control

Proportional Navigation Guidance Law

Radar Detection & Delay

 “Red Side” Uncertainty
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Missile Model



 Simulating the 
Aircraft as 
target in 
open-loop

 Missile ODE 
Solution

 Output – Miss 
Distance

 Aircraft Flight 
Azimuth
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Interception Simulation
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Bi-Level Optimization

Aircraft 
Maneuver 

Optimization Missile 
Interception 
Simulation
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“Black Box” 4D Function

Munition 
Dynamics
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From Target
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Survivability Envelope



Multivariable Non-Convex 
“Black Box” Function

Numerically Heavy

 Iterative Methods
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Nelder-Mead

Monte-CarloGolden-Section Search

Bayesian Optimization

Optimization Methods



Thank You!
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