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Plant in the class of model

Choice of the best model
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Choice of the best model

Deterministic problem

A Y.y

N | Identification Vi
Plant ‘
Performance | -
index
Y
> Model
_ Vi
Yn
Yn
M hN | ELROPEAN
i E::\'w—ncsr E\ﬁﬂ[‘rl:rAL Wroclaw University of Technology o
Fraject co-financed from the EU Eurapean Social Fund















































…

…



image4.wmf

(


)


u


F


y


=




oleObject4.bin



image5.wmf

n


y




oleObject5.bin



image6.wmf

(


)


q


,


u


y


F


=




oleObject6.bin



image7.wmf

u


D




oleObject7.bin



image8.wmf

1


u




oleObject8.bin



image9.wmf

2


u




oleObject9.bin



image10.wmf

n


u




oleObject10.bin



image11.wmf

N


u




oleObject11.bin



oleObject12.bin



oleObject13.bin



oleObject14.bin



oleObject15.bin



oleObject16.bin



oleObject17.bin



oleObject18.bin



oleObject19.bin



oleObject20.bin



oleObject21.bin



oleObject22.bin



image1.wmf

n


y




oleObject1.bin



image2.wmf

u




oleObject2.bin



image3.wmf

y


y


,




oleObject3.bin




@ Master programmes in English
' Wroctaw University of Technology R

at Wroctaw University of Technology

Approximation of static plant
characteristic

e Problem formulation

Weight function: gu(u) /\
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Approximation of static plant
characteristic

e Problem formulation

Static plant characteristic: ¥ = F(u)

F —known function

u —input vector ueU c R 9/ -inputdomain
Yy —output vector ves R* &/ - output domain
Approximation function (model): y = ®(u,8)

@D - arbitrary given function

V —model output vector Ve J c R @u — subset of input domain

@ - vector of model parameters e ® c R* & - output domain
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Approximation of static plant
characteristic

Problem formulation

Measure of difference:  Vue? q¢(y,7)=q(F(u),®(u,0))

L
wheree.g.: ¢(y,7)= (y(’)—)_/(’))z q(y,)_/):Z‘y(”—)_/(”‘ L — dimensional output
/=1

M=

~
I

1

( ) (y y) (()_®(u’0))2 one dimensional output
q(v,7)=]y == |F(u)-(u,0) (L=1)
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Approximation of static plant
characteristic

e Problem formulation

Performance index — a measure of the difference between function F(u) and ®(u,0)

RO

0(0)=F(u)-(u.0),, = F)

Nu)du

0(6)= J\F (u)-®(u,0)| g
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@ Master programmes in English
' Wroctaw University of Technology =

at Wroctaw University of Technology

Approximation of static plant
characteristic

e Problem formulation

Performance index — a measure of the difference between function F(u) and ®(u,0)

R

0(0)=F(u)-(u.0),, = F)

0(0) = maxig(F(u) @(w.0)) g, (u)}

ue9,

e.g.:
0(0)= maxﬂF(u)— D(u,0)

ueY

g,(u))
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Approximation of static plant
characteristic

e Problem formulation

Optimal model: 7 =®(u,0)

where 8" —optimal model parameters: 6 — Q(H*)z minQ(H)

0c®
u
1 Fl)
Y
A/
9*
o0) F——
A _
Y
> (D(u, (9)
i HUMAN CAPITAL soon D
HUMAN — BEST IMVESTMENT! Wroclaw University of Technology
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Linear case — problem formulation

Model: 7 =®(u,8)=6"p(u)

raa () !

(2) 4 u

where QZ 9.2 olu)= ¢2:(u) e.g.: ou)= :
o®) rAM] u

Performance index:
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Linear case - solution

Optimality condition for the vector & : 07
. 0

grad 0(0)= —z[ [(F)-0 T(D(u))gp(u)gu(u)du] ~0,,  0,=|.|(R
0

The solution is:

o [ jgo(u)w(u)gu@)du} [ F(u) ol ()
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Master programmes in English
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Linear case - solution

Note that:
[olu)e" () g, (u) du =

_J‘%(u) (Dl(u)gu (u)du

[0 ke, ()

Joulu) k. ()

i HUMAN CAPITAL
HUMAN - BEST INVESTMENT!

0 (u) p,()g, () du

¢2(u)§02(”)gu (u)du

00 ) 0,0}, )

Whoclaw University of Technology
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Linear case - solution

Let us choose (pl.(u) such that:

1 for i=j
[oo ey 07 e

Then: Iw(u) (oT(u) g, (u) du=1

and approximation algorithm has the form:

0" = [ Flu)plu)e, () du
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Linear case - example

Plant characteristic: y:F(u)zu2

Model:  7=®(u,0)=0"pu)=60"+0%u  where: o(u)

[l

1
< =
IU—I
N

[l
1
T
CHRG
L 1

Interval: D ={ueR:0<u<l}

u for uel0,1]

Weight function: g, (”): {O for ue [() 1]

Performance index:  O(0)= J‘(F(u)—é?Tgo(u))2 g, (u)du
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Linear case - example

Graphical interpretation:
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@ Master programmes in English
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Linear case - example

Performance index has the form:

00)- [ (7100 )= [ - em]HT  du

7 0

Optimality condition has the form:
1

2rad 0(0)= —2{ ! [uz _lor <9<2>*]BD m u du} =0,

Solution has the form:
1 1 _11 1 J R
9*=D‘{ }[1 u]udu} J.u{ }uduz N | !
o LY o LY juz du |u’ du ut du
0
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Linear case - example

Consequently:
1 1 1 1 ] B B
ju3duxfu3du—ju4duxju2du T T R 11 11
f f 7 f Zu ‘Ox4u O—gu ‘Ox?,u ‘0 sz—gxg
2
1 (3 [ 1o 1o (1 Y 11 (1Y
{90) Iuduxju du — Iu du >4 ‘Ox4u ‘0— 3%, EXZ_ 3 03
9(2>} ! ! ! ! I sp 1 ,0 1 ,p 1 5p I 1 1 1 {12}
Ju dux [udu-[u® dux [u® du 5”5‘0X2”20—4 4‘0X3“3‘0 3272173
0 0 0 0 2 2
1 1 1 luz‘l l 4‘1_ 1L lxl_ l
ju duxju3 du—[juzduj 2 o4 1o {3 o 2 4 |3
i 0 0 0 1 B )
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Linear case - example

Y,y 4

Optimal model:  3=124-03

Graphical interpretation:
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Choice of the best model based on
the noise free measurements

AVY

un yn

Identification
Plant
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| A

Choice of the best model based on
the noise free measurements

e Problem formulation

Experiment: UN=[M1 U, - MN], YN:[yl Yo o yN]

Approximation function (model): y=®(u,0)

Measure of the difference: Vn=1,2,...,N q(yn,)_/n ) = q(yn,q)(un, 6’))
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@ ST Master programmes in English | '
| Wroctaw University of Technology ot \wroclaw University of Technology ‘
| A

Choice of the best model based on
the noise free measurements

e Problem formulation

Performance index: QN(Q)zHYN —YN(Q)(

Uy

where:  T,(0)2[0(u,,0) ®(u,,0) - D(uy,0)]

0,(0)= ZaHCJ(yanF Z_Z%Q(yn»@(unﬁ)) e.g.: Oy(0)=D|y,-7|= Z_;\yn ~®(u,,0)

n=l1

0,(0)=max{g(y,.7,) }=max{g(y,.®(,.0)} e.g: 0,(0)=max{y, -7,|}=max{y, - ®(u,.0) |

1<n<N 1<n<N 1<n<N 1<n<N
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@ ST Master programmes in English | '
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| A

Choice of the best model based on
the noise free measurements

e Problem formulation

Optimal model: ¥ = ®(u,0)) N _)QN(H;):mgnQN(Q)
U, | identification | V»
plant ‘ The model is optimal for:
0.(0) Oy e given measurement sequence
B e proposed model
- P(.0) il * performance index
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Approximation task

y=Fl)  y=0u0)
where: (9* — optimal vector parameter: 0 — Q(Q*)Z min Q(@)

OO
0(0)= [ g(F(u),®(w,0)) g, (u)du
|dentification tasI;@u

Uy :[”1 Uy = ”N]a Yy :[)ﬁ Yoo yN] )_/ZCD(M,@;)
where: 8y, — optimal vector parameter: 0, — 0, ((9;): mgin 0,(6)

QN<e>=ianq@n,yn):ﬁanq@n,@(un,e»

n=I1

9*

05 ~ 6* On

UN ;an”gu (u')
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Linear case — example

Experiment: UNz[u1 Uy, - MN], YN=[y1 Yo ot yN]

AV
Model: ¥ =®(u,8)=6"p(u)=0" +0%u

1 Q)
where gﬂ(u)=L} Gz{zm}

Performance index:

0:(0)=3 0, -7,V =3 (v, -6 olu, )}

n=l1 n=l1

<
B

un
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Linear case — example

N

Optimality condition has the form: gradQ, (€)= —22 (yn ~6 ou, ))qo(un )=0,
0 n=1
N oW
Solution has the form: 8, = {Z o(u,)o" (u, )} X Zyngo(un)
n=l1 n=l1

[ )

N N
Oy = {9*(2):| - N Y N
N NZ yu, — u, |x (Z v,
”;1 > n=1 ~ n=1
n=1 n=1 n=1
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Linear case - recursive algorithm
0,(0)=3 (5, -5,F =X (,~0"olu, )}

n=1 n=1

For N measurements UNz[u1 U, uN] [y1 Vy oo yN]

{ico(un)cor u, } X;yn(p u

New N+1 measurement point  u,.,,, ¥y,
How to adopt vector of parameters using new measurement?

H;[H = A(H;9MN+19 yN+1)

N+1 N+1

0, (@)=, -7,V =3 v, —070u,))

N+1 "~  N+I -
N+1 |:Z§D i| X Zy”
Z(D + ¢(”N+1 uN+1 } {Z Y@ +yN+1¢(uN+l )}
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Linear case - recursive algorithm

(A+BD'C)]' =A"-A'B(D+CA'B)'CA"

B=¢ _wektor kolumnowy
D' =1
C=¢"
(A +op" )_1 A" -A 1g0(1 +o' A 1(0) o A
D' =-1
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Linear case - recursive algorithm
Let: o =pu )n=12 .. N+1

N+1 . - N -1
(Z 0,0, j (Z "+ ¢N+1<0N+lj =
n=1 =1
N B N -1 T N
_ Pn1Pw+1 T
- (Z 0,0 j (Z ) — T (Z 0.9, )
" B I+ oy, ne1PnPu ) Prn "=

N -1
Let: P, = (Z 0,00 j

T
P — P P ¢N+1§0N+1 PN
1 + ¢N+1PN¢N+1
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Linear case - recursive algorithm
9N+1 —(P - P, Py Py NJ[ﬁlgonyn +¢N+1yN+lj:

Y1+ Pna PPy n=1

N P¢+¢+ ¢+(D+P(D+y+
:Nz¢nyn+PN§0N+1yN+1_ NNlNlNZ¢nyn NENAPNZ NENAZ N

n=1 1+ ¢I{7+1PN¢N+1 n=1 1+ §0N+1PN§0N+1
N
u Py@ynaYya + PN¢N+1J’N+1§DN+1PN¢N+1 - PN§0N+1yN+1¢)]7\;+1PN§0N+1 - PN(0N+1§0]7\;+1PN 1 PuVn
= PNZ¢nyn + T =
n=1 1—i_(DNH})NK‘NH

N
N§0N+1yN+1 PN(DNH(D;HPNZ,?:l(Dnyn
- Nzggnyn T Y
1+ @y Py@ya

Py@yaYna T N
= Nz¢nyn (yN+1 +§0N+1PNZH= §0nyn)
1+ §0N+1PN¢N+1 :

= 9N + KN+1 (yN+1 - €0N+10N)

P,
K., = ]]}T(DNH
1+ @y Py@y.

where:
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i HUMAR - BEST INVESTMENT! “? Wroclaw University of Technology s o]
Project cc

Project co-financed from the EU European Social Fund



@ Master programmes in English
' Wroctaw University of Technology R

at Wroctaw University of Technology

Linear case - recursive algorithm

Finaly:

) N : -1y N v -1
Oy = (Z%cﬂn j > 0.5, =P, ¢y, edde: P, =(Z¢H¢Zj
n=I n=I n=1 n=l1

6,:7+1 = A(e:i’uNH?yNH): 6’; + Ky, b’NH _¢(MN+1 )T H;J

K | = PN(O(MNH)
o, Y Popu,.,)
P =P — By ¢(MN+1 )(0(7/1 N+l )T P,
N+1 N 1 + CD(MN_H )T })N¢(MN+1 )
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Neural networks

W=
W=yt
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Neuron model

py =1

6%

(1) i
H JEl—)1 M 9?]’
e b, > u
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Neuron model simplification

l u(o) =1
e
04
e
02
4
Og

S
y= ¢(Z 0.u") + eoj = 40" 0()) @ - activation function
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Activation function

D(k

¢(K) _ ldla x>0 Perceptron ()
—1dlax <0 K
D(x)
Adaline N
¢(K' ) = K Adaptive Linear Neuron
1
#lxc) =
l+e P

1 B e—ﬂl(‘ //
#(x) = tanh(fK ) = ——
1+e 7
Sigmoidal NeUﬁn - /
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Neuron learning
Adaline

Adaptive Linear Neuron ¢(K) =K

\Lu(“)=1
® 0o >
2 s=1

o) —>

0= [‘90 0, '”05]T (D(Ll)z [1 u ---u(S)]T

u®

n=1 n=l
N TN
* T
= X Z . .
Oy {Z; (p(u,,, )§” (”n )} 1 yn¢(”n) Or recursive algorithm
n= n=
i HUMAN CAPITAL it Uty o o IS
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Recursive algorithm

HJ*VH = A(HNﬂuNH >V N+1) ‘9 + Ky, \_y N+l T (MN+1 )T
K, = PN¢(”N+1)
1+ ¢(”N+1 )T P N¢(uN+1)
B r, N@(”NH )¢(MN+1 )T By
P N+l — P N T
1+ CD(MNH) P N(D(”NH)
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Neuron learning

Like neuron Adaline (Adaptive Linear Neuron) ¢(K‘) - One to one mapping
\Lu(“)=1
IL 0 % S s
u® : y=¢ ZQSM(S) " Hoj B ¢(0 (D(Ll))
—>! 0, K y s=1
o) ——> . .
0=10,6-0.1 plu)=[i -]
O
Uczenie: [ul ”2"'”N]:UN [yl J’2'°'yN]:YN

Oy (9) = i (Kn ~-K, )2 = ﬁ: (¢‘1 (yn )_ HT(D(un ))2 Like before

n=1 n=l1
* > T T ~1
0y = {Z (P(”n )(P (”n )} X Z ¢ (yn )W(”n ) Or recursive algorithm
n=l1 n=l1
i HUMAN CAPITAL it Uty o o IS
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Recursive algorithm

*

9N+1:A(9N9MN+19.)/N+1) ‘9 +KN+1{¢ YN+1) ¢(”N+1)T‘9;/J

K. = PN@(”NH)
1+ @(”NH )T P N(”(”NH)
P —p _ Pyo (”N+1 )¢(”N+1)
S (0(”N+1 )T P N(D(”Nﬂ )
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Neuron learning — delta roll

1

0(9)= 5( - ‘9T<0(u))2> &,

Numerical optimization method (it will be)
0" - 0[0")=min 0(6)
(9;1 = «9: — UVGQ(H:), (9; N — learning factor
vo(0)=-(y-0"p(u)lp(u). 6,

0:+1 — 0: + 77()’”+1 o H:T¢(un+1 ))(p(un+l )’ 95
An — (yn+1 o 0:T¢(un+l ))
0;;1 = 0: + 77An§0(un+1)
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Neuron learning — delta roll

Q(H) = %(y — ¢( T(p(u)))2 , 0, @ - activation function, differentiable
Numerical optimization method (it will be)
0" — 0[0")=min0(0)
6’;1 = (9: — UVGQ(Hzl (9* N - learning factor
0
7000)~ s ~0(0" o) G otu). 0
t, )

07, =0+ 1l 90 ol )X, ). 6

A = (yn+1 _¢<‘9:T¢(un+1 ))) ( )

% b
0n+1 _ 9}1 + UA n (O(unJrl )
MAN I EUROPERN
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Multilayer network learning
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