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High fidelity modelling for High Altitude Long Endurance 

Solar Powered Aircraft



||Autonomous Systems Lab

▪ Aerial platforms capable of stratospheric flight for a long period.

▪ Communication networks to recording of weather and environment.

▪ Topic: high fidelity modelling procedures for fixed wing platforms.
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High Altitude Long Endurance (HALE) platforms
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▪ Why high fidelity models?

- Reduce or avoid in-flight tuning of controller gains.

- Model based control for landing on mobile platform.

- Simulation of stratospheric mission.

▪ Platforms – Elektra 1 and Penguin BE UAV.

▪ Approach: local and global system identification.
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Motivation
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▪ Motivation.

▪ Aircraft system identification problem.

▪ Local system identification - two step method.

▪ Global system identification - incremental model update.

▪ Conclusion.
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Overview
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Aircraft system identification problem

𝒎 ሶ𝑽 + 𝝎 ×𝒎𝑽 = 𝑭𝒂𝒆𝒓𝒐 + 𝑭𝒕𝒉𝒓𝒖𝒔𝒕 + 𝑭𝒈𝒓𝒂𝒗𝒊𝒕𝒚

𝑰 ሶ𝝎 + 𝝎× 𝑰𝝎 = 𝑴𝒂𝒆𝒓𝒐 +𝑴𝒕𝒉𝒓𝒖𝒔𝒕

Input u

System S

Output y

Given input u and output y find system S
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Applying multidimensional taylor series expansion:

▪ 15 parameters for longitudinal dynamics (linear model).

▪ Physical quantities related to stability and control.

▪ Linear Vs nonlinear aerodynamic model.

▪ Local – one value for parameters; Global - sets of values.

19.10.2022Jongseok Lee 7

Aircraft system identification problem

෡𝑭𝒙,𝒂𝒆𝒓𝒐 = Fx0 + Fxu𝒖 + Fxw𝒘+ Fxq𝒒 + Fxde𝒅𝒆

෡𝑭𝒛,𝒂𝒆𝒓𝒐 = Fz0 + Fzu𝒖 + Fzw𝒘 + Fzq𝒒 + Fzde𝒅𝒆

෡𝑴𝒚,𝒂𝒆𝒓𝒐 = My0 +Myu𝒖 +Myw𝒘+ Myq𝒒 + Myde𝒅𝒆
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▪ Motivation.

▪ Aircraft system identification problem.

▪ Local system identification - two step method.

▪ Global system identification - incremental model update.

▪ Conclusion.
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Overview
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Approach: error = 𝑦 − 𝑆 𝑥, 𝑢, 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠

▪ Linear projection of features.
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Local system identification - two step method

Aircraft

S(x,u,parameters)

Path

Reconstruction

Input u Output y

Flight test data x, u,

F, M

Parameters
Least squares
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Procedures:

▪ Experiment: parameter identifiability.

▪ Reconstruction of path: IEKF estimation and smoothing.

▪ Parameter identification: linear regression.

▪ Model validation: statistics and controller synthesis. 
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Local system identification - two step method
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Input design and experimentation:

▪ Parameter identifiability – contribution is visible.

▪ 2 flights with Elektra 1 and 3 flights with Penguin BE.
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Local system identification - two step method
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Path reconstruction:

▪ Smoothened estimate of states, forces and moments.

▪ Estimation of instrumentation errors.
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Local system identification - two step method
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Parameter identification:

▪ Optimization – linear regression.

▪ Global minimum may not give correct parameters.

- OLS Vs WLS Vs NLS Vs CLS.
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Local system identification - two step method
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Model validation:
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Local system identification - two step method

Coefficient Rsquared [-] NRMSE [-]

Fx 0.847 0.042

Fz 0.883 0.031

My 0.418 0.036

Experiment
Model 

identification

Model 

validation

ValidationTraining
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Model validation:

19.10.2022Jongseok Lee 15

Local system identification - two step method

State GOF [-] TIC [-]

u (m/s) 0.8569 0.0133

w (m/s) 0.5576 0.2301

q (rad/s) 0.8507 0.1985

𝜃 (rad) 0.9061 0.1289

▪ TIC 0.25 - 0.3 sufficient

[Jategoankar 2006]. 

▪ Fulfills FAA standards 

of high fidelity model.

Experiment
Model 

identification

Model 

validation

ValidationTraining
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▪ Motivation.

▪ Aircraft system identification problem.

▪ Local system identification - two step method.

▪ Global system identification - incremental model update.

▪ Conclusion.
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Overview
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Approach 1: Current practice in the industry.

▪ Collection of data at all points of flight envelope.

Approach 2: Incremental Update

▪ Data fusion of aerodynamic database with flight test data.

- Aerodynamic database using windtunnel & CFD.

Approach 3: Incremental Update based on VLM simulation.

▪ Parameter identification with VLM simulation.

▪ Corrections with the availble flight test data.
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Global system identification – Incremental update
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Method: Scheme for global system identification.

▪ Aerodynamic model outside the region of the flight data.

▪ Improvement in accuracy.
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Global system identification – Incremental update
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Method: Correction model identification.

▪ Correction model identification using available flight data.

▪ Separation of training and validation set via different trim. 
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Global system identification – Incremental update
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Scope: Preliminary study at low altitude for Elektra 1.

▪ Identification of correction model at two points   .

▪ Validation of correction model at two points   .
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Global system identification – Incremental update

Mach number

Altitude
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Results: Preliminary study at low altitude for Elektra 1.
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Global system identification – Incremental update

Fx VLM CVLM

RMSE 146.8 77.86

NRMSE 0.148 0.0789

Fz VLM CVLM

RMSE 932.9 212.8

NRMSE 0.338 0.0777
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▪ Local system identification.

- Two step method implemented and validated.

- System identification tool chain for 2 fixed wing platforms.

- High fidelity model according to FAA standards. 

▪ Global system identification.

- Preliminary study on incremental model update scheme.

- Within low altitude low velocity region the method proved to work 

with reduction of NRMSE by 0.5 and 0.2 for Fx and Fz respectively.
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Conclusion
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▪ Local system identification.

- System identification for flexible aircraft (Elektra 2).

▪ Global system identification.

- Wider ranges of velocities.

- Wider ranges of altitude (Low Reynolds High Mach?).

▪ Fidelity definition for controller synthesis.

- Step response of the aircraft.

- Derivation of quantitative requirements?
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Future work
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Questions?
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Back up slides



||Autonomous Systems Lab 19.10.2022Jongseok Lee 26

Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Elektra 1
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Back up slides – Penguin BE
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Back up slides – Penguin BE
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Back up slides – Penguin BE
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Back up slides – Penguin BE
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Back up slides – Penguin BE



||Autonomous Systems Lab 19.10.2022Jongseok Lee 39

Back up slides – Global



||Autonomous Systems Lab 19.10.2022Jongseok Lee 40

Back up slides - Global



||Autonomous Systems Lab 19.10.2022Jongseok Lee 41

Back up slides
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Back up slides - Global
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Back up slides


