Lecture 7: DNN Control for Mechanical Systems

Plan of presentation

Lagrangian models

Expression for a mechanical system driven by DC-motor
Special form of DNN

Analysis of Attractive Ellipsoid

Sliding Mode Control for DNN

Analysis of workability
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Lagrangian models

@ For the systems of the fiest order

Xt = (xe, t) + g (X, t) ug + &, X0 is given, }
yr =Gk +11,,

we considered the following structure of DNN:

d

E)A(t:A)A(t‘f‘BUt‘f‘L ve = C&e| + Wo,eq (R) + Wit (%) uy
which can be represented as

d. . .
axt = fNN (Xt, t) + BNN (Xt, t) Ug,

with some initial conditions X, where

fun (R, t) := A& + Ly — CXe] + Wo,t 0 (X¢)
BNN ()’\(t, t) =B + W1,t1P ()’\(t) .
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Lagrangian models

@ Lagrangian mechanical models have the form
d o ! 0
dt 9g dq

L= Qnonfpot- L=T-V

which in the open format is (omitting time-dependence)

D(q)g+C(q.9)g+g(q) =T+,
D(q) = DT7(q) > 0vVqg € R",

or as

1= q
G = func (q.4)+D 1 (q)T

func (4. ¢):==-D""(q) C(q,4) ¢-D~' (q) g (q) +D* (q) ¥

¥ € R" is the disturbance (or noise) vector.
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Available information

@ Output y; = Cq; + 1, is measurable, the matrix D (q) is known.

@ Matrix C (q, ) (frictions and etc.) and vector g (q) (potential forces)
admit to be unknown.

@ Torque force T is activated by n-independent Permanent Magnet DC
(PMDC) motors:

T = WK, o, La]at + Ralat + KeWTq: = vae, (2)

I+ € R™ - the armature current vector, L, = diag {L,1, La2, ..., Lan} and
R, = diag { Rs1, Ra2, ..., Ran} are the armature inductances and resistants
positive matrices, respectively, W € R"™" is the electromotive force
constant invertable matrix (possibly taking into account the gear ratios of
the motors), K; € R"*" - the direct - electromotive forces constants
matrix, Ko = diag {Ke1, Ke2, ..., Ken} € R™™"- the back-electromotive
forces constants with positive elements, ¢; € R" is the disturbance (or
uncertainty) vector, v, € R - the armature voltage vector, which below
is considered as a control to be designed to obtain a desired behavior.
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Activating DC-motors

Suppose that ¢, §: and [,; are available (or estimated) on-line. From (2) it
follows

t
Iat‘lat():_La_l f [Ra IaT + Ke WTfIr - Va‘r] dT

T=tp

(3)

(to > 0 is any fixed time), and selecting (neglecting the Joule effect, related to

the dependence of the winding motor resistance)

Var = Ralar + Ko WTC'It + LaKa_l W_lvaty

the relation (3) becomes

t
Iat - Iato - K;l Wil f VaTdT.

T=ty
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Final expression for a mechanical system driven by

DC-motor

Substituting (4) into (1) gives

a1 = q,
(5)
G = func (CIL CI2) + ur.
t
up = — [ VardT (6)
T=ty

with /ato =0.
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Structure of DNN model

According to the physical model representation (5) define DNN model as

qu't = Qq2t

(7)

d . N aie N
— =A L —C({ W .
dt%,t qot+ |:)/t ( to s )] + Wo,rq (G1,¢) + ur
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Storage function

For the processes

. ; d
51,t =dq1,t — q1,t, 52,t = 51,t dth t— Qi

satisfying

51,t = 52 Jt
52,t = Ae]2,t+’- |:yt -C ( Z;i >:| +W0 t(P (ql t) unc (qlx q2>

Define the storage function as

74 ((51’15, 52,1») = 5I,tP151vt + 5g'tP252,t+

1
S {(Wo,e = WG)TA (Wo.e — WG}

PL=P] >0 P,=P] >0 A=AT>0
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Dynamics of Storage function

From (8) we get

V (81, 02,t) = 26] (P12t +26] Pabo e +tr {(Wo,e — W§)T AW, }

. 0 . (A
= 2(5-{’1:/31(52,1- + 25£,tP2 (A [qgvt — th] —LC ( 5;2 > + WO q0 (qut)

(Wo,e = W5) @ (G1,t) + [Ago,t — func (9. G)]) + tr {(Wo,t - Wg)T AWO,t}

01t T o1t
52 t 52 t
= A’ 5 A' +
¢ (416) ° ¢ (G1c)
Aqo,t = func (91, G2) Aqo,t — func (91, G2)
267 Py (Woe — W5) @ (an,6) + tr {(Wo,e — W) T AWG ¢ }
where
0n><n Pl - P2I-C 0n><n 0n><n
P,A+ ATP,
—CTIT *
Soom | L CTPe pic g, PO P2
On><n (Wo*)T P2 0n><n 0n><n
0n><n P2 0n><n 0n><n

Alexander Poznyak (CINVESTAV-México) Septiembre - December 2023 9/ 14



Right-hand side reorganization

Defining the extended vector

ZI’ = ( 5I’tv 5;['1 [§0 (Ell,t)]T. (Aq2,t - func (qlv q2))T )T

we get with « >0

(D‘ _E) Pl Pl_PQLC 0n><n 0n><n
aPy+PyA+ ATP,
. _CTIT *
Vi =27 P=ClUP - p e crirp, PPWo P2 2
0n><n (Wo*)T P2 _Sln><n 0n><n
0n><n P2 0n><n _Slnxn

e { (Moo —Wo)T A [3 (W= W5) + Wo,e +2A71 9 (G1,0) 63, Po] } +
€ ||(W(),t—W6) ) (al,t>|| + € ||<AC72,1_»_func (qu Q2))|| _“Vf+85-{,tP151't
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Right-hand side reorganization

The upper estimate for the last term

| (Ada,e—Func (a1, @) < coer lar|> +¢: |z’ =
co+c1 |[(qre—81¢) +81, t” +c2 [[(g2,6—2.¢) +o, t| <
cot2¢r (10nel> + anel®) +2¢2 (18217 + 1G]
which leads to

Vi< 2ISze — Vi + eco +ep, + tr {(Wo . —W5)T Ax
(% (Wo,e—Wyg) +W0,t+€A71 (Wo,e—W3) @ (G1,e) @7 (fll,t))}

(x—¢) Py _ i
+2861/n><n Pl PZLC 0n><n 0n><n
aPy+PyA+ ATP,— Py C
— _CTIT *
Si=| ACILTR —CTLTP, + 2¢Colpxn PWe P
On><n (WO*)T P2 _Sln><n 0n><n
L On><n P2 0n><n _glnxn i

P= [5I’tP151,t + ct+2c; ||311,t||2 +2c2 ||fl2,t||2}
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Learning law

The term p, can be expressed as

. — o LG WOT A (Wo,— W)
‘ fr {(Wo,:—Wo)T A (Wo,.—Wg)}

i { (Wor W5 [tr{(Win—tw(osz<v%t) w3 )

and can be added to the last term:

Vt< V4 SZt — (th +8C0 +tr{(W0’t—W5)TAX
[§ (Wo,e=W5) +Wo r+eA™ (Wo,e=W5) ¢ (G1,6) 97 (G1,e) +

gpt(WO,t_Wé) } }
tr {(Wo,:—Wg)" A (Wo,e— W)}

+
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Learning law

It the following Learning law holds

Wo,e = —5§ (Wo,e—W5) — eA™" (Wo,e—W§) @ (1.¢) @7 (G1,t)

" 9
_ ep, (Wo,e—Wo) ©)
tr {(Wo,.—Wg)T A (Wo,.—Wg)}'
and
<o,
then

Ve < —aVi+eq
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Attractive ellipsoid

Theorem (on Attractive Ellipsoid)

If the Learning process (9) takes place and S < 0, then

o
limsup < limsup—V; <1

t—00 t—oo ECp

or equ:valently, ((51 P101,c + 6] ,Padat)

. 01t T (14 P Onxn 01t
I ' - ! =
IiTl}SOl:p ( (52,1: ) (€C0 |: 0n><n P2 52,t
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