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Attractive ellipsoid minimization

Problem
To minimizate the Attractive Ellipsoid we need to resolve the following
optimiation with Nonlinear Matrix Constraints:
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Necessary condition to ful�l NMI

Fact
One of necessary requirements to ful�l NMI is

(α� ε)P1 + 2εc1In�n � 0

or equivalently
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P1 � 2
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Representation of the optimization aim
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NMI as LMI in new variables

Introduce new variables

X1 := P1, X2 := P2, Y := P2A, Z := P2L, H := P2W �
0

and use the Schur�s complement obtain the following equivalent
representation:
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�
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NMI as LMI in new variables: problem formulation

Problem
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Recuperation of original variables

If the solution of the optimization problem (2) is

X �1 > 0, X
�
2 > 0, Y

�, Z �, Q�1 > 0, Q
�
2 > 0, H

�, ε� > α� > 0,

then the the original parameters of the DNNO are as follows:
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Optimal DNNO

d
dt
q̂1,t = q̂2,t ,

d
dt
q̂2,t = f �NN (q̂1,t , q̂2,t ) + ut ,

9>>>=>>>; (3)
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Feedback design

For DNNO-tracking error ∆t = q̂1,t � q�1,t 2 R2n and for the Lyapunov
function Vt =

1
2

∆|t ∆t we have

V̇t = ∆|t ∆̇t = ∆|t P
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�
� f �NN (q̂1,t , q̂2,t ) + q̇�2,t .
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Feedback with DC-motor as actuator

If we take into account that

ut := �
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How calculate derivatives on-line: super-twist di¤erentiator

The problem consists in estimating the �rst derivative of asignal φ (t)
based on its noisy measurement

y(t) = φ(t) + η(t).

Only two assumption will be made:
- the second derivative φ̈(t) of the base signal φ(t) is uniformly bounded
by a known constant L, i.e.,

jφ̈(t)j � L,

- the measurement noise η(t) is uniformly bounded by δ, i.e.

jη(t)j � δ.
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Super-twist di¤erentiator

Setting
x1 (t) := φ (t) , x2 (t) := φ̇ (t) ,

the problem is transformed into the design of an observer for the system

ẋ1(t) = x2(t), ẋ2(t) = φ̈(t),

y(t) = φ(t) + η(t),

9=; (5)

based on the measured output y(t) only. The signal φ̈(t) is unknown and
should be considered as a perturbation. Designing the state estimates
(x̂1 (t) , x̂2 (t)) using the supert-twist observer, we may conclude that
x̂2 (t) may be considered as an estimate of φ̇(t) :

x2(t) ' φ̇ (t)
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Super-twist di¤erentiator with low-pass �lter

d
dt
x̂1 (t) = x̂2 (t)� α kφ (t)� x̂1 (t)k1/2 SIGN (x̂1 (t)� y (t)) ,

d
dt
x̂2 (t) = �βSIGN (x̂1 (t)� y (t)) , jφ̇(t)j � β, α > 4β,

and low-pass �lter:

µv̇ (t) + v (t) = x̂2 (t) , µ = 0.01,

9>>>>>>>>>>>=>>>>>>>>>>>;
(6)

so that,
v (t) ' φ̇ (t) .
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