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Motivation AMES

Why do we need Wind velocity estimation?
 Allows Angle of Attack, Airspeed and Sideslip calculation
» Useful for path planning and following as well as landing

== Problems:

« Small UAVs have no sensors to measure angle of attack
« Aerodynamic coefficients often unknown

Wind Velocity Estimation

N\

Kinematic Model Aerodynamic Model
(Pitot-static Tube) =) (Accelerometer)

non parametric parametric
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Kinematic Model AMES

e Wind triangle

e Sideslipangle

w1 W
[ = sin (”v

e Airspeed
Vo = ||v]]
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Kinematic Model

e Pitot-static tube measures Vaﬂ’f tube wide enough and airspeed small

- v,
Vam = = + n
f)/
e The relative airspeed vector:
‘cosacos B
v =V, sin 3
sin a cos 3
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Aerodynamic Model

e General model for specific force in z-direction
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e Coefficients
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Wind Model

e Frequency separation in steady and turbulent wind velocity components

n __.n n
Vyk = Vs T Vg

e Steady wind velocity model
Avg ) ~

e Turbulent wind velocity model
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State-Space Model

e States T
T = [u;'} (e wﬂ
e Parameters . . . T
p=[u’ v" w' KCr, KCr, 7]
* Inputs T
a=[a* o @w® R) A
e Qutputs ~ ~
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State-Space Model AMOES

e State transition function

-
g
ISECES

e Noise transition function

W(Th, Uy Ny, ) P) = O'U\/QATEUW

e Measurement function

—KVQZ(CLO +CLa()z) |

Va/V
(e, ur, p) = leZ(v? + v}) 4+ V, cos(a)

d3R) (v + vP) + V, sin(a)_
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Estimation Setup AMES

IMU GNSS Pitot-static
tube
* Sensors: F o 5b
e GNSS
Rb
¢ IMU AHRS ———» TMO ay
e Pitot-static tube U
e AHRS for orientation matrix estimation F R .
n v
e TMO for ground velocity estimation y
e Wind velocity and coefficient estimator:
e Moving Horizon Estimator Wind velocity
e Direct Collocation Method +
' _ ' Aerodynamic parameter
e UKF for arrival cost approximation estimation
e |mplementation in Matlab + Casadi
Cr,0,05,a v’ Uy
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Moving Horizon Estimation AMOS

e Objective Function

Arrival Cost Measurement Error Noise
- Ci) 2 k—1
. k—L — LLk—1
min oA C+ E Hyj—h Lj, WUs, P HR , T+ § H%Hw
ShoLo T P—Pe-r llppt, .57 O LA
9k—L,oﬁ---,9k,d

;= Mv,j Muj Ms,

e Arrival Cost:
e Summarises the information before the current window
e Tuning factor c
e Approximation necessary:

*Unscented Kalman Filter:

e Avoids linearisation
e Allows representation of input noise
e Easy to implement
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Flight Tests
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Flight Profile AMOES
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Flight Profile
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Coefficient Estimates AMES
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Angle of Attack Estimation Error

-t

RMSEpizhawk = 0.96°, RMSFE,qvstack = 0.81°
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Sideslip Angle Estimation Error AMES
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Wind Estimation Error AMES
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Wind Estimation Error AMES

— Estimation Error Navstack
— Estimation Error Pixhawk
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~,
Conclusions AMTS

==p> MHE provides accurate estimation of AoA, Coefficients and Wind velocities
== Attitude changes during take off sufficient for persistence of excitation
== No prior knowledge about the UAV needed
== Realtime capable (0.072 s/sample < 0.2 s)

Future / Current Work:

« Wind adaptive path planning/ following

* |cing detection
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AMTS

Icing Detection

B NTNU

Innovation and Creativity

www.ntnu.edu/amos Centre for Autonomous Marine Operations and Systems - AMOS

\



Motivation AMS

Inflight icing is a global phenomenon
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Bernstein, B. C. et.al. (2009). An inferred climatology of icing conditions aloft, including supercooled large
drops. Part Il: Europe, Asia, and the Globe. Journal of Applied Meteorology and Climatology, 48(8), 1503—
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Effects of Inflight Icing on UAVs AMOS

Wings

Control Surfaces

Pitot-static Tube
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Icing Detection Architecture

Trigger Wind, Ice Trigger

,

Measurements Measurements
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Effects of Airfoil Icing

Decreased lift

| o Increased drag

Increased weight

18 Re=2x105

Effects on Lift Coefficient:
* Lower stall angle
* L ower maximal lift force
* Flatter rise in lift coefficient

Lift Coefficient
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Drag coefficients in Icing
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Future Work: Drag Estimation AMOS

Benefits

e More accurate icing detection
e Allows pitot-tube and engine fault detection

Challenges

e More parameters to estimate => Lack of excitation source of errors
e Thrust estimation needed => RPM sensor or RPM estimation
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Questions?
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