Lecture 8: Sliding Mode DNN Control for Mechanical

Systems

Plan of presentation

Optimization of Attractive ellipsoid
Feedback design
Taking into account the PC-motor as an activating device

How calculate derivatives on-line: super-twist differentiator
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Attractive ellipsoid minimization

To minimizate the Attractive Ellipsoid we need to resolve the following
optimiation with Nonlinear Matrix Constraints:
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Necessary condition to fulfil NMI

One of necessary requirements to fulfil NMI is

(o — &) P +2ecilhxn <0

or equivalently

£>q,
PL =2 i Inxn (1)
E—wn
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Representation of the optimization aim
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or equivalently,

wf(& [, %)) e e e

— min
P1>0,Py>0,A,L, W a>0,6>0

Alexander Poznyak (CINVESTAV-México) Septiembre - December 2023



NMI as LMI in new variables

Introduce new variables

‘Xl = P1, X2 = P2, Y = P2A, Z = PQL, H:= P2W6k

and use the Schur’s complement obtain the following equivalent
representation:

0<Pl=X'1<@Q & [ lQl I”XXI” ]
nxn
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NMI as LMI in new variables: problem formulation
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Recuperation of original variables

If the solution of the optimization problem (2) is
X{>0 Xy>0 Y, Z° Q >0, @ >0, H", & >a" >0,

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

Pl =X{ Ps=X3 A" = (X3) 1 Y™,

* x\—1 7« % s\ —1 g%
L* = (X3) ZvWOZ(Xz) H,

and learning law becomes to be as

*

. « . n . N N
Wo,r = 5 (Wo,e—Wp) —e* A1 (Wo,e—W5) @ (§1.6) 97 (a1.¢)

_ s*pt(WO,t_WS)
tr{(Wo,.—Wo)" A (W, —W5)}
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Optimal DNNO

d.
dtql,f - q2,t1

d

Eflz,t = fun (G160 G2,¢) + e,

where

f/{/k/v ((Ah,t, CAilz,t) = A*e]2,t +L* [)’t - C ( g; )] + Wo,t§0 (‘A?l,t)

with Learning Law
*

A [hé * * A — * A ~
Wo,: = 5 (WO,t_WO) — AL (WO,t_W0> 1y (‘h,t) QT (Q1,t)
B e'p, (Wo,:—Wy)
tr {(Wo,e—Wg)" A (Wo,e—Wg5)}'
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Feedback design

For DNNO-tracking error Ay = g1+ — g7 ; € R?" and for the Lyapunov

1
function V; = EAIAt we have
_ ATh = TP (e 4i,) =

AT (e — ai) = AT / fin (@0, Go.c) I+ [ undt— g,
c=0 =0

Select ur satisfying

/ fN*N (al,ry é\72,1') dt + / urdT — éﬁ,t = —agA¢, 9 >0
=0 =0
or, equivalently,

fN*N (ell,t, 6I2,t) + ur — C'I;t = _“OAt = —«&p (612,t - Q;,t) )

ue = —ao (G20 — G5.0) — fuw (Gue, 82e) + 85 -
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Feedback with DC-motor as actuator

If we take into account that

t
ug i= — f VaTdT,
T=tp

- . d, ) d IR ;
Vat = Ut = —Ko (dtqz’t - q’z*,t) - af/\y;/\/ <Q1,t, (72,t) + q;,t )

then the motor-voltage v+ will be

t
Vat = —RoK;TW ™ [ U0rdT+ KeWTo o + LK T WL, =

T=ty

RaKa_l w1t [_040 (672,1“ - q;,t) — fuw (G160 Go,e) + CI;J + K WTqo,:

FLK W [—ag (S0 — a5,) — Ly (Que Goe) + G5,
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How calculate derivatives on-line: super-twist differentiator

The problem consists in estimating the first derivative of asignal ¢ (t)
based on its noisy measurement

y(t) = ¢(t) + (1)

Only two assumption will be made:

- the second derivative ¢(t) of the base signal ¢(t) is uniformly bounded
by a known constant L, i.e.,

p(0)] < L,

- the measurement noise 7(t) is uniformly bounded by ¢, i.e.

()] < 6.
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Super-twist differentiator

Setting
x (1) :=¢ (1), x(t) :=¢(t),

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

x(t) = x(t), x(t) = ¢(t),
(5)
y(t) = ¢(t) +1(t),

based on the measured output y(t) only. The signal ¢(t) is unknown and
should be considered as a perturbation. Designing the state estimates

(%1 (t), X2 (t)) using the supert-twist observer, we may conclude that

% (t) may be considered as an estimate of ¢(t) :
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Super-twist differentiator with low-pass filter

s (1) = 50 (1) — [ (1) 5 (£)][/2SIGN (31 (1) — y (1)), |
S0 (1) = ~BSIGN (30 (1) — y (1)), [p(0)] < B, a > ap,
and low-pass filter:
uv (t)+v(t) =% (t), p=0.01, )
so that,
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