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Motivation

Stabilisation of a Quadcopter under harsh initialisation - TeensyPilot

Needs Orientaion Estimation: A very well-studied problem.

Using MARG sensor stack on aerial vehicles.

Magnetometer to tackle drift in the yaw axis.
- Prone to disturbances - sensitivity to calibration.
- Disturbs the roll and pitch estimates (critical for attitude
stabilisation)

(a) Mag Readings- (b) Quadcopter with MARG
Original and Calibrated Sensor
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Manifold EKF: Concepts

e Unit quaternion € S* (a manifold) I-gentered chart

g-centered chart
e "Attitude-error representations"” are

all charts ¢ for the manifold mapping
a point in S® to e € R®.

e Kalman Filter evolution happens on
a chart

e Deformation of the space is minimal
where the chart is centered.

Figure: Charts and Deviation

e Deviation 6 from ¢ to g,
q=qx6

a=vg; (e)=qx¢p '(e)=q*9

*F. L. Markley, “Attitude error representations for kalman filtering,” Journal of Guidance, Control, and
Dynamics, vol. 26, pp. 311-317, 2003.
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Manifold EKF: Prediction
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Manifold EKF: Correction

. . T
A measurement is made at time nT: z, = (zan an)
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Manifold EKF: Chart Update

Chart Update
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Incorporating the Magnetometer

Magnetometer

Append to Measurement Model:
Zm, = R?I; m, + r;" x
T ,my
Include in Measurement Prediction
and Innovation Covariance -
Correction P

Emn\ml
The Challenge

Zmy,
Inconsistency between two reference
vectors.

No R € SO(3) can simultaneously
satisfy zq, = R7Ta, and
Zmy = RTm,

Qr
Zanp !

z“n\n—l

Figure: Effect of Magnetic Disturbances
on the Manifold EKF2.
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TRIAD aided Manifold EKF

TRIAD:
M, TRiAD |2
Cln = Zan ; a i Manifold
ZanXZmn .
Con = fLonZima ] EKF

C3n = Cin X C2p

B Figure: Layout of the
Rn = [Cln C2n C3n TRIAD aided Manifold EKF.

- Can, Or €3, used instead of zm, in Manifold EKF

- Accelerometer measurement - anchor vector.
- Ignores component of magnetometer that influences attitude (Roll and Pitch). J
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Experimental setup

Teensy 4.1 Dev Board
LSM9DS1 - 9-axis MIMU

TFT Display

3s LiPo Battery

Waveshare ST3215 Servo (x3)
ESP32 Servo Driver

3S Li-lon Battery

Clamp

Magneto-Inertial

Measurement Unit (with Display)
GepRC SpeedX2

2105.5 2650kV (x4)

GepRC Cinelog 35 V2 Frame

6S LiPo Battery
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Qualitative Comparison of Estimators
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(c) P vs time when R,, = Rq
and R, > R,

~—

MEKF2
MEKF2 Rm>Ra

MEKF2_TRIAD

(d) Cubes and 3D-compasses
visualisation for each of the
estimators at 90° roll.

Modifying noise characteristics may result in sluggish estimator.
TRIAD aid: mag. disturbance decoupled from roll estimate; zero residual;

SysC

IIT Bombay

11/14



Quantitative Comparison of Estimators
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Figure: Rotation Error vs time (top) and norm of the residual vs time
(bottom) for the three estimators.

At 180° roll: error of 20deg, 6.5deg, .6deg for the three estimators

Sequence of standard rotations executed;
Residual goes to zero only in the TRIAD-aided case. J

-SySCon IIT Bombay 12/14



Limitations of TRIAD-aid
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(a) soft mount (b) hard mount

Figure: Rotation error in Manifold EKF2 and TRIAD aided Maniold EKF2;
accelerometer and magnetometer noises.

Assumption: Accelerometer is reliable.
Fails under large accelerometer noise/disturbances J
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Thank You

TeensyPilot Github Repo:
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