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Why equivariant observers 224 University

e Global analysis framework

e Global stability results

e Algebraic and algorithmic simplicity
e Low computational and memory cost

e Practical robustness to real-world measurement
errors.
Data association errors
Missing data
False and malicious data
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A review of nonlinear observer design
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System function is linear in input

[f(&alm + az”Uz) = a1f(57’01) +Cl2f(§=’02) }

Equivariant Systems and Observer Design 11-Dec-19 12



Australian

e,,, National
University

é:f(gav)

________ | y)= (&)
EeM | /l ly veV |

_

Equivariant Systems and Observer Design 11-Dec-19 13



AUSTRALIAN CENTRE FOR Australian
@REIIIIBSE:'SE : , ef-: National
System kinematics

= University

£=f(& )
=h
A } y = h(§) S
EM @ > el
e
I\_y ______ /l T T T D I
Measurements

Equivariant Systems and Observer Design 11-Dec-19 14



ROBOTIC ﬁu?trali?n
VISION - Classical Observer Architecture University

é: f(g,?))
y = h(§)

U Y

M>
v

E=f(Ev) - A(h(E) - )

Equivariant Systems and Observer Design 11-Dec-19 15



Australian
& National

Classical Observer Architecture 224 University

é: f(g,?))
y = h(§)

% Y

\ 4 \ 4

I

v

E=f(Ev) - A(h(E) - )

/

[ Internal modlel SA = f(£,0) }

M

Equivariant Systems and Observer Design 11-Dec-19 16



Australian
AV TS & National

VISION  Classical Observer Architecture 528 University

é: f(g,?))
y = h(§)

U Y

\ 4 \ 4

I

s °~

m>o
[
~~
A~
{\ﬁw
it
~
|
I
~~
>
—~~
/ m>
| |~
T
Ny
~

[ Internal modlel SA = f(£,0) } |

ey S O S

- I( Innovation (h(£) —y) |
oM |

Equivariant Systems and Observer Design 11-Dec-19 17



N\ROBOTIC Australian

 National

VISION  Observer analysis framework s>y University
§=[f(&v) §
y = h(§)

Q:é—g_’ €_>O

v Y

v
M)

E= f(E.0) - A(h(€) —y) HL

[ A good observer design is characterised by e(t) — 0 ]

Fr——_——————e— e —— —_—_———————ee e —— —

' Stabilit LAS-local |- .~ GAS - Global
I Asymptotic | CES - Global 1 gy hiotic
~ LES - Local Stability Exponential | giapijity
- Exponential 7 Stablllty e
; Stability Practlcal Stability | Uniform Stablllty

Equivariant Systems and Observer Design 11-Dec-19 18



Australian

: & National
ey University

Roadblock

How do you compute

e=£-¢

\_ on a manifold! y

e How do you compute the innovation h(£) - y?

e Why is the state space of the observer é e M7
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Observer state

A new observer state space

An output map from the new state to the desired estimate

A well defined global error signal

Observer dynamics (internal model and correction term)
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An apple is a manifold
A symmetry IS a mapping that
preserves the structure of the
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A rotation matrix R € SO(3)
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¢r(§) =R'E
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Lie algebra = tangent space at identity

QZT[G

Left
multiplication

Liegroup G

Tangent
space at X

[Kinematics on G are X = XA(t) }
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Observer design remains a challenging problem
due to non-autonomous error dynamics
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The input action is uniquely defined by the state action

iy = dx o fuo x| € X(M)

f(ox(£),1x(v)) = fyx (v)(@x(§)) = dox f(dx-1(dx(£)), v)
= d¢Xf(£av)

The input space V can always be extended to make
the system f equivariant.
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Definition: A lift A : M xV — g is equivariant if

| Adyr A 0) = A@x (), Ux () |

Theorem: If a kinematic system is equivariant and the symmetry
group G is reductive then an equivariant lift A exists.

[ %e:: doe Ad ¢ (A(¢X(5O)»U)—A(i,v))—dcpeAt(e)]
>
[ d, . doe (A(E% Y51 (v)) = Ale, g (v))) - d¢eAt(€)]

dt
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Definition: An equivariant lift A: M xV — g is
Type I: if

[ A(&,v) = A(v) } Equivalent to
“group affine”
Bonnabel et al.

Type II: it
Adxr A(E) = A(6x (6).0) |

Type I system kinematics

Body-fixed velocity
measurements

[ X = XA(v) }

Type II system kinematics

[ X = A€, v) X } Reference-fixed velocity

measurements
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[ T oo (M€ i) - A(e,zb)gl(v)))—dcbeAt(e]

Type I system error kinematics

[ d } Autonomous

at” - ~kdgei(e) error
kinematics.

Type II system kinematics

[ %e = doe (A(E°,0) — Ale,v)) — dde Ay (€) }

Independent error kinematics.
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y = h(&) i e~ ¢
€ = ijg—l (f)
U y A
X = XA (¢ (X),0) - A(e) X [ €= 05 () [—

[%e:dgbe(A(go’%&l(v))_A(e,me1(1))))—d¢eAt(e) ]

Design approaches:

e Constructive nonlinear design for a Lyapunov function L(e).
e Linearise error kinematics around e = £° and use linear design.
¢ Minimum energy cost functional and approximation.
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kinematics

[ |npUt Symmetry} [ Equivariant ||ft} { Global error J

wf( V-V
Adx-1 A(&,v) = A(ox (§), ¥x (v))
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[Output Symmetry} [Equivariant output} [Global innovation}
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Global error

kinematics
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