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Stable learning

Nonlinear system

The neural networks is

¥ (k) = Wi [X (k)]

If the identified nonlinear system can be represented as (matching
condition)

y (k) = W ¢ [X (k)]
The training law is
Wii1 = Wi — noe (k)

where

(CINVESTAV-IPN) Intelligent Control October 10, 2024 2/22



Modeling error is

= [Wk—W]¢
= Wk¢
where
Wi = W, — W*
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We select Lyapunov function as

~ 12 ~ ~
L= [ W = er {7}
Becasue
Wiy = Wi — 17, pe (k)
From the updating law

ALk—Lk+1_Lk—HWk nipe k)H _”WkH
HWk” —2’7k e (k )4’Wk+||’]k47e )1° _HW”
1 () 9] = 21, (k) o Wi

1ie? () gl =21, ()

{nkn«pn —2] 7€ (k)
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We select 5
o
M = : <1y <1
1+ [l
then ,
2 ¢l

M lloll® =2 =2 | ————n,—1] <2[p,—1] <0

{ } 1+ ||
so

AL, <0
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Unmodeled dynamic

Nonlinear system

The neural networks is

y (k) = Wi [X (k)]

If the identified nonlinear system can be represented as

y(k)y=W+¢(k), [gP<¢
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Unmodeled dynamic

The error dynamicr is

e (k) =9 (k) ~y (K)
= Wi — W' —¢ (k)
= Wi¢p —¢ (k)
Lyapunov , )
ALy = 12 (k) 9] = 25, (k) 9 Wi
= 3¢ (K) 91> — 2,8 (K) [e (K) + & (k)]
= 11 91> =2 m,€? (k) = 211,e (k)& (K)
Here

—217,e (k) & (k) < 1,6 (k) + 1,87 (k) M >0
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Unmodeled dynamic

So
ML= {1, 119 X (01> = 1] e (k) + 1,8 (K)

We select 1

0

n, = , 0<y,<1
1 X ()] 0
then ,
[ gl” = 1] 7,
:[ el _1],7
1+]|g||* 10 k
<(My—-Un=-m<0

where

T = (1—1y) 7,
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Unmodeled dynamic

So
ALy < —mie? (k) + &< —[L—1,]7€* (k) + ¢
where
me = [1= o] 1
> [L—110] 77,
> [1—1,l7
here
- To > Mo —q 0§ =max|[[¢[X (K]
W= TG S T = P max[lex o]
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Dead-zone learning

Wit1 = Wi — sk pe (k)

where 1
0
Me = 5 <y <1
1+ ||l
2 g
- 1 if e (k) > [1—go]ﬁ
2
0 if e’ (k) < (111077
Becasue

ALy < —[1—nq]7€* (k) +¢
o If €2 (k) > =N ]_ then AV, <0

o If e (k) < o ]7 T W1 = Wy, then AV, =0
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Nonlinear active function

Nonlinear system

The neural networks is

We use Talyor seris

¢ [WiX (k)] = ¢ (WOX) +¢" (Wi — WO) X (k) + O (W)
—4>(W X) +¢" (Wi — W°) X (k) +6 (k)

The identified nonlinear system can be represented as

y(k)=¢[WoX (k)] -¢(k), [E7<¢
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Nonlinear active function

Error dynamic is

¢ (WiX) — ¢ (WOX) + & (k)
= ¢' (Wi — WO) X (k) + 6 (k) + & (k)
4

Training law should be

Wickr = Wi — 11,9'X (k) e (k)
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Nonlinear active function

Becasue _ .

Wicr1 = Wi —11,¢'X (k) e (k)

e (k) =¢'WiX (k)+6 (k) +¢ (k)
Lyapunov

ALy = 13e (k) X (K)[” = 2n,e (k) 9 WiX (k)
= 7€ (k) 19X ()|

~21,e (k) [e (K) = & (k) = & ()]

= [ 9 X (W)1° = 2] 7,€2 (k)

+217,0 (k) [6 (k) + € (k)]

Here

2ne (k) [0 (k) +E ()] <me? (k) +17, (E+0), 1, >0
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Nonlinear active function

So
ALy < —[L—nol7ie* (k) + (§ +9)

Then the training law is

Wicrr = Wi — s, ¢’ X (k) e (k)

where 1
0
Ny = 5 S <1
1+ [|¢]]
Fid
. 1 ife? (k) > [lﬁhw
k — E+o
0 ife2 (k)< [1%,7

7= 1, ¢ = max [[|¢[X (K)]|]
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MLP

Nonlinear system

MLP neural networks is
¥ (k) = Wi [VieX (k)]
The identified nonlinear system can be represented as
y (k) = WO [VOX (k)] =& (k), [ <¢
We use Talyor seris

PLViX (k)] = ¢ (VOX) + ¢/ (Vi = VO) X (k) 4 (k)
P [ViX (k)] = ¢ (VOX) = ¢'ViX (k) + 6 (k)
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MLP

The error dyanmic is

WX (k)] = WO [VOX (k)] +¢ (k)
)] = W [VOX(kﬂ
+W04’[VkX k)] — W% [ViX (k)] + ¢ (k)

[ViX (k)] + WO [¢ [ViX (k)] — ¢ [VOX (K)]] +¢ (k)
(k)] + WO/ VieX (k) + 6 (k) + & (k)

Training law should be

Wictr = Wi — 11, [ViX (k)] e (k)
Viesr = Vie =i, WO9'X (k) e (k)
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MLP

Lyapunov , ,
L= [[ W™ + [ ]

A= | Wiesa|* + [ Vi |* = (W + || %)
= ywk — 1 [ViX (k)] e (k)| + || Vie = WO X (K) e (k)|

- HWkH2+H‘7kH2)

= |, @ [ViX (K)] e (k)| +H’7kW°<PX H
=2, ¢ [ViX (k)] e (k) k_277 WO’ X (k ) (k
= |, [ViX (k)] e || + H’7kW04’X H

=21, { Wi [ViX (k )]+W°4> ViX (k)} e (k)
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MLP

Because
We [VicX (k)] + WOQ' VX (k) = e (k) — 6 (k) — & (k)

ALy = [, ¢ [ViX (k)] e (k) |* + [|17, W' X (k) e (k)|
207, {e (k) — 8 (k) ~ & (K)} e (k)
= = [2= i (IpviX ()7 + [ w9 x ()[*) ] € (k)
+2115e (K) [6 (K) + & (k)]

Let

_ "o
L+ |9 VicX (k)||* + | WO9'X (k)|

Mk 1>1,>0
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Becasue

217,e (k) [6 (k) + ¢ (k)] §77k62 (k) + 17, (5—1—3), 12>2n,>0
So

AL <, [ (IoViX (I + [ WX ()] ~1] &
+11, (G +9)

(levix 1P+ wog'x () ||")
= T | A5 vix (0 P+ Twogix (k)> 1o~
e’ (k) +¢+06
[ —770]776’ (k) +¢+9o

e’ (k)+¢&+0o

<
< -

where

Mo
+¢
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MLP

Then the training law is

Wit1 = Wi — sk ¢ [ViX (k)] e (k)
Vir = Vi — sii WO X (k) e (k)

where
Mo
M = 3 0<17,<1
L+ [[ViX (k)| + W' X (k)|
) &+d
. — 1 if e2 (k) > “gjgm
0 e () = o
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The average of the identification error

Becasue o
AL < —[1—10)77€* (k) + G+

Summarizing from 1 up to T, and by using L7+ > 0 and L; is a constant,
we obtain

SO
1 &, E+0 11
— e’ (k — + — —L
TKZ::1 ()_[1_’70]77 Tl
1 < Z+90
limsup — e? (k) < -
T—00 Tkgl () [1—110]7
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WO does not effect the stability property of the neuro identification, but it
influences the identification accuracy.

@ Start from any initial value for W% = W,.

@ Do identification with this W0 until Ty.

Q If the |[e (To)|| < |le (0)]|, let Wt as a new WP, ie, WO = Wr,, go
to 2 to repeat the identification process.

Q If the ||e (To)|| > |le (0)||, stop this off-line identification, now Wry, is
the final value for W°.

With this prior knowledge W?°, we may start the on-line identification .

(CINVESTAV-IPN) Intelligent Control October 10, 2024 22 /22



