An open-source application for
subscale flight test analytics
and system identification

A. SOBRON, A. ARUSTEI, D. LUNDSTROM, P. KRUS

Linkdping University, Sweden

AEROSPACE TECHNOLOGY CONGRESS 2019
OSPACE INNOVATION IN A GLOBALISED WORLD

LINKOPING
IIQ“ UNIVERSITY ZF12019



FT2019 - G7 - A. Sobron et al.

Fluida och Mekatroniska System

FluMeS

Fluid and Mechatronic Systems

Sensor
systems

Subscale flight
testing

Aircraft design

AIRCRAFT
SYSTEMS

08/10/2019

MECHATRONICS

Mobile robotics

Vehicle dynamics and control

Measurement and
control systems

Systems
engineering

Design analysis

and optimisation Mobile systems

Modelling and sim.

Noise and vibrations
Onboard
systems

FLUID
POWER

Hydraulic system and
component design

LINKOPING
Il.u UNIVERSITY



FT2019 - G7 - A. Sobron et al. 08/10/2019

Fluida och Mekatroniska System

FluMeS

Fluid and Mechatronic Systems M EC HATRO N ICS

Mobile robotics

Lent and
ystems

Mobile systems

II LINKOPING
@V UNIVERSITY
FLUID AND MECHATRONIC SYSTEMS

Aircraft design
d vibrations

Onboard

AIRCRAFT systems Hydraulic system and FLUID
SYSTEMS component design POWER

LINKOPING
Il.u UNIVERSITY



FT2019 - G7 - A. Sobron et al. 08/10/2019 4

Why flight testing RPA?

UAS development Subscale Flight Testing (SFT)
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Maneouvres
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Many sensors = loads of data

Attitude Airspeed GNSS
Heading Baro. Altitude Syst. Health
Angular rates Temperature Flags
Accelerations Voltage

AOA, AOS Current

Pilot inputs

Signal outputs

Ctrl. surfaces
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Many platforms = difficult to handle
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Aircraft Log Analysis (ALAN)

* Verification Logged data

* Transformation S—
* Integration ‘
MATLAB

* Visualisation
S—

* Extraction (export) @

LINKOPING
Il.u UNIVERSITY




FT2019 - G7 - A. Sobron et al.

fie

Raw data
Loads data
from logger
onfiguration select. v
Config file 1| Config file 2|| Config file 3
Aircraft 1 Aircraft 2 Aircraft 2
Logger v.1 Logger v.1 || Loggerv.2

- Load right aircraft characteristics
- Identify relevant sensors and read raw data
- Estimate derived parameters

- Interpolate samples and synchronise if needed

- Assemble standard variables in useful form

Y

and units

Standard variables

Y
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Program functions
Filter ] '
Visualise
e Plot 3D flight
condition
Compute Play data Select and
parameters animation export
manoeuvr.

\—

Required variables
and units

Other
tool

12

LINKOPING
Il.u UNIVERSITY



FT2019 - G7 - A. Sobron et al.

Signal conditioning

[4] ALAN v2.0b
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X

File Filter Visualize Export

Flight data loaded: GFF1704

Periodogram PSD analysis

Filter options

ALPHA
BETA
AX

AY

AZ

PHI
THETA

Filter all these

Ao

| Choose type of filter
() Smooth (Spencer 15 points)

(®) Simple low-pass:

() Custom (not ready yet)

Filter now! |
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Plotting

08/10/2019
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Plotting
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Flight data animation
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V-N diagram
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Trajectory visualisation

076° 5.5m/s
076° 5.5m/s

Flight Path and Estimated Wind Conditions
WGS 84 / World Mercator
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Data extraction

Select maneuvers: LEFT-click zoom/pan, RIGHT-click select. Press the RETURN key when done.
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System identification module

Files needed:

- mass properties
ALAN - Imaneuvers
Data logged filt - initial parameters Parameter
in a flight test [ - Hter >

- select maneuvers estimation
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System identification module

* Master’s thesis: “Development of a System Identification Tool for
Subscale Flight Testing”, Adrian Arustei, Linkdping University, 2019.

 Time-domain methodology

 Two parameter-estimation methods:
* Equation Error
* Qutput Error

e Other functions:
» Data compatibility check (flight-path reconstruction)
* Model structure identification

LINKOPING
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System identification module

Operations

Check FPR

Optimize FPR

Check Longitudinal

Optimize Lon.

Check Lat-Dir

Optimize Lat-Dir

Check Full 6DOF

Optimize Full 6DOF

Compare Parameters

Model Identification

Check the Flight Path Reconstruction.

Find a new set of biases, factors, and time delays.

Check the Longitudinal model.

Find a new set of Longitudinal derivatives.

Check the Lateral-Directional model.

Find a new set of Lateral-Directional
derivatives.

Check the full 6 Degrees of Freedom model.

Find a new full set of aerodynamic derivatives.

Select parameter files to compare.

Identify the aerodynamic model structure.

Settings
Optimization method
(®) Gradient Free
O Particle Swarm

() Genetic Algorithm

Population/Swarm size

08/10/2019

Parallel processing

(®) Default
(O Parallel

J |

Population: 100

Parameter estimation method

(®) Equation Error

() Output Error

Model structure identification

Downscale factor:

Maximum polynomial degree

Overfit penalty factor

Tips

Close figures
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FPR

Measurements

Y

At CG

Adjusted measurements <
(biased, scaled, time shifted)

g, Uy, Gz Do G, T
D,q, T o, B, V,d,1.60, h

\ At sensor location

Kinematics and
measurement eqs.

At sensor location

¥ /\ Y

Y
a, B,V

o, 0, h

Compare and adjust the biases,
scale factors and time delays
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FPR
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ALPHA VTAS 5] THETA PHI
[
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20/

Simulation using adjusted measurements
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Simulation using initial measurements
Adjusted measurements
Initial measurements
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[]

o —
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Time [s]
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Parameter
estimation
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Longitudinal Derivatives
10 | | I I I I I | |

Parameter .
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Parameter
estimation
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VTAS

QDOT1
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Simulation, Output error, Longitudinal model

Simulation, Equation error, Longitudinal model

Measurements
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Model identification
(multivariate orthogonal function modelling)
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Model identification
(multivariate orthogonal function modelling)
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Model identification
(multivariate orthogonal function modelling)

-0.015 F

< -0.02F
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_Cx from measurements
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Model iden

(multivariate or

LINKOPING
UNIVERSITY

AX1

VTAS HAGL  THETA  ALPHA Q1 AZ2 AX2 AZ1
[m/s?] [mis?] [m/s?] [m/s?]

QDOT1

(m] (7] [°] [*/s]

[m/s]

[*/s?]

200

08/10/2019

50 .
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Next steps

* Finishing touches and Ul tweaks (Matlab GUI > App)
e Complete documentation
* Open-source publication

* Coupling to Hopsan aero model & simulation

* Future expansion:
* New functions?
* New sys. identification methods?
* [Insert your idea here!]
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Conclusions

ALAN is a Matlab
application developed
specifically for subscale
flight testing analytics

It will be published in the

near future (Q1 2020)
as open-source

08/10/2019 33

Recent addition of basic
system identification
capabilities

Looking forward
to bring in your
ideas and suggestions
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Part of project MESTA (NFFP-2017-01505):
“Methods for Subscale Flight Testing and Analytics”

More information:

alejandro.sobron@liu.se

II LINKOPING
® UNIVERSITY



