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Why do we consider multirotors

Wind turbine inspection Agriculture irrigation Catch a fixed-wing UAV

Multirotors can be used in many applications
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Motivation

Goal: Detect/estimate system changes (process faults) with sensor biases

(sensor faults) and actuator faults.

Actuator Process . Disturbances Sansor
s, 4 faults faults
| Actuators | 'Quadcopter | | Sensors

Typical problem: Limited sensors for the estimation and detection
purposes.

® Disturbances (externals, sensors, model mismatch).
® Correlation between noises and signals due to closed-loop.
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Can we simply apply a filtering problem?
® Sensors: Orientation measurements from AHRS (Altitude and heading
reference system), x — y body-fixed velocities.
e Complex: not always ensure an accurate estimation.
® Feedback: noises correlate with control inputs.
— Projection approach applied to the submodels of the quadcopter.

What kind of sensor information needed?
e IMU
® Command signals
* GPS

LINKOPING
II.“ UNIVERSITY



5/18

Outline
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Quadcopter modeling
Estimation

Detection

o b=

Conclusion

LINKOPING
II.“ UNIVERSITY



6/18

Quadcopter modeling
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Modeling of an under-actuated quadcopter

¢ = [x,y, 2]T: position in inertial
frame.

n=[¢,0,¥]": Euler angles.

Vi = [u,v,w]T: linear velocities in the
fixed-body frame.

w = [p,q,7]T: angular velocities in the

fixed-body frame.

m(Ve +w x Vg) = RI'mg+Tg + Fy + F, (1)
Io+wx (lw) =15 — Aw (2)

Tp =10, 0, T.]" and 75 = [y, 79, 7] are control quantities.
Fy and Aw are linear and angular drag, F, is the wind forces.
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Subsystems (1) System change

Goal: Estimate quadcopter’s payload.
Projecting the dynamics onto x-y body-fixed frame

Process model

. . A1
U= —gsinf — —u
m
T¢ () y
Roll Y . . /\1
U =gcosfsinp — —v
m
Measurement model
Tg 6 x
Pitch X )\1 )\1
Ay = —U+€q,, ay= —V+ eq,
m m
p=¢, q=0
Sensor—to;sensor model
1
“lg
Ay g = —2 .+ e
Y5 T )b

m
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Experimental data

® Robust to actuator faults and load is fixed.
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® Deal with feedback effect and coloured noises using 1V-based method.

® Comparison performance with EKF, LS.

Mres | e P () 7. (EKF) T (IV)
1550|5109 | 13625 & 54.09
9 [582g | 2126.2 £ 78.9¢ | 384.4 £ 161.2g
5100 L3559 | 1703 %699
9 5829 | 7958 £25.7g | 387.3 £ 187.3g
sgya | 4059 | 1245+ 4.6y | 689.7 £ 289.69
9 [510g | 373.1L12.1g | 766.4 £ 370.7g
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Subsystems (2) Actuator and system change

Goal: Estimate quadcopter’s drag coefficient and mass.
Projecting the dynamics onto z body-fixed frame

e I - I ¢ I v } Y Process model
. T. k
W=——— —w+ gcosfcos
m m
L e LA e

Measurement model

T. k
az:—z—i-—ww—i-eaz
m m

Refined thrust "

— p ky,2 ko ) m
a, = “uy + Fug | + +e
: p+%’f(m ETm )T B T e
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Experimental data

® Standard model Hammerstein nonlinear model.
® Unmodeled actuator dynamics.

® [Feedback effect, and nonlinear-related and coloured noises

Param Mass 455 g Mass 530 g Mass 586 g
i LS 0.2590 £ 0.0848 0.3068 £ 0.1475 0.1713 £0.1473
I LS 0.1217 £0.1298 | —0.1067 £+ 0.3205 0.4957 £+ 0.2078
1
3 LS | —0.0988 + 0.1248 0.1870 £ 0.2326 | —0.6443 +0.1893
2
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Subsystems (3) Sensor fault and system change

Goal: Detect payload change with wind disturbances and sensor

biases.
Consider roll-pitch dynamics under yaw effect.

IMU Sensor b Bey |  System change .
CNSOrblas = gerector based on | Jiv CUSUM T Tea Frg
Gps | estimatorbased on [ By5 | sensor-to-sensor metric
———| navigation model [——

‘model

Navigation model

Tq = A(wm; Tm)ma + B[pmy qm, —0gx, —0y
Ya = C(¢m7 Tm)xa

Sensor-to-sensor model:

U= —gsinf — %u, Ay = %queam

U = gcosfsin¢ — %v, ay = ’7\71—11) + ea,

]T

II LINKOPING
@ UNIVERSITY



15/18

Experimental study

Settings
® Flights: A(slow V, small r), B(fast V, large r), C(fast V, fairly large r)

® 14, Tiq: false/true detection rate, t;q: avarage time-to- detection

>, The 2D trajectory obtained from Qualisys
Cameras 4

Trajectory
@ Starting point
= __End point
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For single flight

No bias compensated
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Bias compensated
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For multiple flights

20 40 60 80 100 120 140
Time [s]

Tvpe 100% CUSUM params 115% CUSUM params
P Tl T rals ] Fea ] | rals T reals ] fea )
A(3) 0.0845 9.0609 0 0.0578 11.4482
B(3) 0.0047 0.1646 4.2607 0 0.0980 7.1100
C(5) 0.0082 0
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Conclusion
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Summary

® [nteresting physical coefficients of quadcopters have been estimated
using the IV method despite closed-loop and sensor-to-sensor setups (1,
2).

® Sensor bias estimation and system change detection under windy
condition is considered (3).

Take-home message: unknown dynamic parameters can be estimated
accurately and validated using multiple datasets (with changes of
measurable quantities).

Future work
® Working with (slung) payload detection application in quadcopters.
® Multiple quadcopters application can be studied.
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Thanks for your attention!

www.liu.se
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