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Fig. 1. Betaflight and Blackbox
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Commercial UAV Projects

Fig. 2: Commercial UAV Projects
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Commercial UAV Projects

Fig. 2: Commercial UAV Projects
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Fig. 3: Conventional GNC scheme (proposed 

GNC scheme provided on slide 19) [1]



Overview of GNC for UAS
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1. Guidance = steer vehicle to stay on an intended trajectory or path

2. Navigation = estimating current state variables such as position, velocity, and orientation with sensors

3. Control = using actuators and sensors for feedback to create motion

Fig. 4: Fixed-wing drone autonomous flight gif
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State Vector

Dynamical Model

Pontryagin function

Canonical System

Fig. 5: Hamiltonian formalism flow chart

Control Vector & 

Constraints

Functional

Optimality Condition



Optimal Control: 
Hamiltonian Formalism [2]

State Vector Dynamical Model
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Control Vector & 

Constraints

Functional

Optimal Control: 
Hamiltonian Formalism [2]
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Pontryagin function

Optimal Control: 
Hamiltonian Formalism [2]

Canonical System Optimality Condition
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Pontryagin function

Optimal Control: 
Hamiltonian Formalism [2]

Canonical System Optimality Condition
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E-guidance [3]

Fig. 7: E-guidance flow chart [3]
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E-guidance: 
Translational Acceleration [3]

Choose 

polynomials

Integrate 

polynomials to 

find F matrix

Determine E matrix based 

on inverse of F matrix

Determine coefficients 

based on E matrix and 

boundary conditions
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E-guidance: 
Angular Acceleration [3]

Choose 

polynomials

Integrate 

polynomials to 

find F matrix

Determine E matrix based 

on inverse of F matrix

Determine coefficients 

based on E matrix and 

boundary conditions

Note: not in Cherry’s original work
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Research Papers - ICUAS 2018

Fig. 8: Fixed-wing UAV FBD [4] Fig. 9: INAV Block Diagram [4]
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Research Papers - AAS/AIAA 2019

Kawamura, E. & Azimov, D. (2019, Jan.). Integrated Targeting, Guidance, Navigation, and Control for 

Unmanned Aerial Vehicles at the 29th AAS/AIAA Space Flight Mechanics Meeting at Maui, Hawaii. 

• Roll maneuver in a vertical plane [5]

• Modified E-guidance for angular 

acceleration (Guidance)

• Use Hamiltonian formalism-based motion 

planning (Control)

• Final roll angle: 342° (5% error)
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Research Papers - ICUAS 2019

Kawamura, E. & Azimov, D. (2019, Feb.). Integrated Optimal Control and Explicit Guidance

for Quadcopters. Submitted to 2019 International Conference on Unmanned Aircraft Systems (ICUAS). IEEE.

• Fly to a point of interest for agricultural and 

environmental applications [6]

• Modified E-guidance for translational 

acceleration (Guidance)

• Use Hamiltonian formalism-based motion 

planning (Control)

• Software-in-the-loop (SITL) simulation

• Desired final position [m] ~ 430, 160, 100 

• Final x,y,z position [m] ~ 424.79, 156.83, 98.95 

• Final position errors: 1.16%, 1.05%, 1.05%
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https://www.copybook.com/companies/nsf-international-pharma-

biotech/articles/want-to-reduce-human-error-just-change-your-habits

https://www.copybook.com/companies/nsf-international-pharma-biotech/articles/want-to-reduce-human-error-just-change-your-habits
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Future Work & Considerations
• Add navigation function, HME, to have integrated GNC

• Create fields of extremals including optimal trajectories

• Once errors are small enough, implement and test in 

open source UAS software

Urban path planning: 

incorporate an energy 

cost [7]

Roll maneuver: 

decrease 5% error in 

final roll angle [5]

Point of interest: add 

attitude guidance for 

initial turn to face 

target [6]

Fig. 10. Proposed GNC scheme [1]

Fig. 11. Proposed Navigation 

Function, HME [1] 
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