Metody Systemowe i
Decyzyjne w Informatyce

Wyklad 2f. Wybrane zadania identyfikacji systeméw zlozonych



Elementy (komponenty) systemu

- dzialajgce czeSci
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Elementy (komponenty) systemu

- dzialajgce czeSci
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Przyktad systemu ztozonego — produkcja aspiryny



Opis systemu ztozonego

Wejsciowo - wyjsciowy system ztozony z M podsystemami O,,0,,..., O, .

Ym = Fm(Uy)

Charakterystyka

funkcja

(Uwaga! W tym miejscu moga wystapic¢ rozne typowe opisy)

cUY R, y

m

_ yr(Tf) _
yi2)

m

e, R, m=1,2, ..

gdzie: Sy, oraz L, sg odpowiednio wymiarami przestrzeni wejs¢ wyjseé,

m-tego podsystemu, z wejsciem U., i wyjsciem Y., Fp jest znang

, M.



Opis systemu ztozonego

Niech u, y, oznacza odpowiednio wektory wszystkich wejs$¢ 1 wyjs$¢ systemu ztozonego:

W7 Tu, VO Ty, T [x0]

(2) |df (2) |af (2)
=" =uf, y=|" =yf x=|"

US| uy YO | Ly _X(§)_

M
Gdzie, wektor wszystkich wejsé systemu: U e % = U x Uy x ---x U, < R>,S = Z Sp

m=/

M
wektor wszystkich wyjsé systemu: Yy € & = ¥ x Yy x - x I, < R", L:ZLm ,

m=/

oraz X jest S - wymiarowym wejsé zewnetrznych X € 2 < U < R° .



Opis systemu ztozonego

Struktura system jest dana zaleznoscig:
u=Ay+Bx,

gdzie: A jest Sx L oraz B jest S x S zero — jedynkowg macierzg.
Macierz A definiuje potaczenia pomiedzy elementami system, tj.:

] i (s) — (1)
aSI_{ if u y

A=lay] 1o i u® ey

s=1,2,..., S »
1=1,2,..., L

A macierz B wskazuje wejscia zewnetrzne, tj..

1 if ul®=xO
B:[bs§] s=1,2,...,S ! bs§ :{ '

-~

s=1,2,...,S

0 if u®xzx®




Opis systemu ztozonego

Wyjscia zewngtrzne systemu:. V=

L wymiarowy wektor v, jest wektorem wybranych wyjs$¢ sposrod wszystkich
wyjs¢ i jest okreslony przez L x L wymiarows macierz C,

v=Cy,
gdzie
[C ] . {] if V('N):y“)
1=1,2,.., ’ 0 if V(T);éy(l)
1=1,2,...,L

Wektor wyj$¢ zewnetrznych: ve Y = {V Vyesv=C y} - R-



Opis systemu ztozonego

(1) (1)
1) (1) Y1 Us (1) (1)
X U, > Ol _: 03 Y3 Vv >
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Przykiad systemu zlozonego



Opis systemu ztozonego

T o
I 0\y;

(1) 0O 0 0 0 - o .
X I 0 0 0]y, ] ’
U(]) 0 (1) + 0 X(Z)

2 0 0 0 0 0]y, .

U(z) ) 0 y(2)

2 I 0 0 0 5 o
y¢H ’ y(l) | |

?2) 0O 0 1 0 Lys’ |
u . L_

B v=Cy

‘ygz)

1 @
vOl o 0 0 0 1 %
Vv

0 1 0 0fy?].
ol o ]()ygz)
) 0 0 0
V

(1)
Y




Opis systemu ztozonego

Y; | F,(u;) ]

F,(u,) |9 _
Oznaczmy przez: y = y,z = 2(, 2)

Ym Py (Uy )

y=F(Ay+Bx)= y=F*(x;AB).
Rozwiklujac powyzsze rownanie wzgledem Yy otrzymujemy:

v=CF (x;A,B)=F(x)

opis systemu jako calos¢ z wektorem wejs¢ X oraz wektorem wyjs¢ V.



Identyfikacja systemu zlozonego przy

ograniczonych mozliwo$ciach pomiaru

Rozwazmy system ztozony z M elementow O,, O,, ..., O,, . Struktura system ztozonego okreslona jest
przez macierze A i B. Charakterystyki statyczne znane s3 z doktadnoscig do parametrow:

Ym = Fin (U » Oy
U, oraz Yy, saodpowiednio wejsciem | wyjsciem m —tego elementu, Fy, jest znana funkcjaa 6
jest R, —wymiarowym wektorem nieznanych parametrow:

6.=| ™ |e®,c R

Tylko wejscia zewngtrzne X oraz wybrane wyjscia v wskazane przez macierz C sg mierzone.
Pojawia si¢ pytanie. Czy mozliwe jest jednoznaczne wyznaczenie nieznanych parametrow
charakterystyki statycznej obiektu na podstawie ograniczonych mozliwosci pomiarowych?



Opis systemu ztozonego

(1) (1)
1) (1) Y1 Us (1) (1)
X U, > Ol _: 03 Y3 Vv >
y1(2) u §2) v N
(2) - 8) yg) (3)
X o O, v >
(2)
U, vy

Przykiad systemu zlozonego



Identyfikacja systemu zlozonego przy

ograniczonych mozliwo$ciach pomiaru

Nastepujacy przyktad ilustruje problem.

X Uy Y1 =U, Y,
B — O1 > 02 >

System o strukturze szeregowej

Powyzszy system opisujemy nastgpujacym uktadem rownan:

oo el

v=[0 1]{y1}=y2.

Y,



Identyfikacja systemu zlozonego przy

ograniczonych mozliwo$ciach pomiaru

Example 1 Let static characteristics of the first and second element are:
o
y,=u",  Y,=06,U,.
The system as a new element has the form: v =0, x% =% **"% where 6" =0, 6,]

Is a vector of unknown parameters of complex system characteristic.
For external inputs X, >0, X, >0, X, # X, outputs v, and v, were measured (N = 2).

. Vv 9. X0 a0 X;+n 0
Now the system description has the form: { 1} =[ 2 } ={ :

VZ 92 XZHI egl XZ +1n92
i anZ _an] |

Inv,InX, —Inv, InX,
In X, —In X,

0
and identification algorithm: I =
In 6,




Identification of complex systems with

restricted measurement possibilities

Przyklad 2. Zat6zmy, ze obydwa elementy system sa liniowe,
y,=6,u, y,=0,u,.
Opis nowego system jako catos¢ ma postac:
v=46,0, X,

6" =[0, 6,] jest wektorem nieznanych parametrow.
Dla zewnetrznych X, # X, zmierzono wyjscia v; oraz v, (N =2).

- o : . v, 0,0, X,
Podstawiajgc wyniki pomiar6w do opisu system mamy: = :

V2 9] 92 X2
Vv

Z powyzszego mozemy wyznaczy¢ jedynie: 6,60, =-—",n=12..
X

n



Deterministic separability

Y - F(u,6)) |

F,(u,,0 af _
y=| |- Z(f ) 1 ZFwo.

Yvm | | FuUy,604u)

gdzie @ jest wektorem wszystkich parametrow elementow system tj.:

() 0"
9\ |di| @ M
o=~ |=| 7|, Qe@z@]x@zx---x@Mg@R,R=ZRm.
: . m=/
Q(R) N

Charakterystyka system jako calo$¢ z wejSciami zewnetrznymi X oOraz
wyjsciami V jest nastepujaca:
_ df
v=CF (x,0;A,B) =F(x,0).



Deterministic separability

Przyklad 3. Niech opis m — tego elementu ma postac:

,m=12,...,M , gdzie: 5 is L, xS, macierz parametrow tj.:

— ~mYm m
—~ _ |a(l,s)
“m = gm 1=1,2,...,L

s=1,2,...,5,

Obecnie opis systemu jako calo$¢ ma postac:

Y, E, O - 0|y, Z, O 0,
Y, O =

QS
l\)C
u

QS

I
[
Il

| Y | _O o - Ey Uy _0 o - E,



Deterministic separability

=Zu=Z[Ay +Bx]= y=(1 -ZA) "=Bx.
Taking into account system structure and measurement possibilities the description of the
whole system has the form:

v=C(l-Z A 5Bx,
under condition that (I - = A) IS non-singular matrix. Notice that complex system composed
by linear elements gives linear system

where:



Deterministic separability

Definition 2 The complex system with a given structure and characteristics of each
element known with accuracy to parameters is called separable, if the element defined
by measurement possibilities is identifiable.

Using Definition of the identifiably we can conclude, that complex system is separable
If there exists such a sequence

Xn=1X X3 - XN]'
which together with corresponding results of output measurements
V=1LV, v, - VN]’

uniquely determines plant characteristic parameters. In the other words, the complex
system is separable if there exists such an identification sequence Xy , which together
with output measurements Vy gives system of equations

v,=F(x,,0), n=12,...,N,
for which there exists the unique solution with respect to 6.



Deterministic separability

Let us notice that parameters & in the characteristic, for the newly defined element,

are transformed. The characteristic can be rewritten in the form:
df

v=CF (x,0;A,B)=F(x,0)= ﬁ(x,g) )

and finally: v=F(x,0),

where vector of plant parameters 6 in the newly defined plant is given by the relation
_df
6=r(0),

where /7 is a known function such that:
r:0-6,6=1:v0c6,0 =r()cx?,

~~ ~~

R is dimension of the new plant characteristic and F is a known function, such that:
F: %0 > .



Deterministic separability

The form of functions F and 7~ depends on the description of particular elements,
system structure and measurement possibilities. Coming back to the examples,
the characteristics for Example 1 has the form:

_ 0, .0, x+In6, 0,x+0,
v=0,Xx" =e

=@ :
~ |6, 0, o
where 68 =| _ |= , and characteristic for Example 2:
0, In 6,
v=0,0,x=6Xx,

~~

where 6 =0,0,.



Deterministic separability

Theorem 1 The complex system is separable if the element is identifiable and function /7 is an on
to one mapping.

Proof: Vn:ﬁ(xn,g), n=12,....N,

which have the unique solution with respect to & . The system of equations may be rewritten
in the form:

Vy =F(Xy.8).

and solution with respect to € gives identification algorithm:

~

0

~ df
IE_J(XN Vi ) = SZNIN (XN A% )
o=r-'(9)
where "' is an inverse function of 7 . Finally, we obtain identification algorithm:
0= F_J(ﬁN (XN YN )): " (XN Yy )



Probabilistic separability




Probabilistic separability

utilization of a’priori  f,(0) O =10,,6,)

information

S df —~ —_— — df
v=CF,'(x,0;A,B)=F(x,0)=F(x,0), 0 =71(0),



oice of the best model o

JIILDIC X =100
- i J- -

Let us consider input - output complex system with M elements O,, O,, ..., O,, . The structure

of the complex system, are given by matrices A and B in complex system description. Static
characteristic for elements is unknown. For m-th element with input u., and output y_. the following

model is proposed:
ym - q)m(um’em) !
Y., is output of the model, @ ., is a known, proposed by us, function and 6, is vector of unknown

parameters of the m-th element model. Model output and vector of model parameters are elements
of the respective spaces, i.e.:

50 e
y(Z) o)
Vo= " e@%mg@”",é?mz m e@mg@Rm,




Choice of the best model of complex

system

WO el YO vl [ [

(2) |df (2) |df o(2) |df| @
et U= u' - u:2 > Y= y- - y;2 , Y= y. = y.2 :
_U(S)_ | Um | _y(L)_  Ym | _V(L)_ ' Y |

M
where vector of all the system inputs: U e % = U x Uy x---xU, cR°,S = ZSm , and vector of all the

m=1/
M
plant outputs and all model outputs: Y, ¥ € & =& x & x--x Yy = R", L= L, . Only some outputs
m=/
will be taken into account. Those outputs will be called the global outputs v,and they are shown by L xL

dimensional matrices C where L is a number of selected outputs from the all outputs of complex system, i.e.:
v=_Cy,

where ve ¥ ={v:Vye#v=Cylc R".



Choice of the best model of complex

system

V, | [ ©,(u.6) |

v D 0 df
y:2 2(u:2 2) —D(U,6),

<l
Il
Il

Yu ] [P Uy, 6Ou)
u= Ay + Bx,
v=CYy,
where: Ve ={V:V VE&V:CV}Q@E,

M
and unknown vector of model parameters: 8 @ =0, xO,x---x0,, < R",R= Z Ry -
m=/



Choice of the best model of complex

system

Output of the model may be expressed as:
y = O(AY + Bx,0) .
Solution of above equation with respect to y gives:

y=®'(x,0;A,B).

and finally by substituting this solution into the system description we obtain:
df

V=CD'(x,0; A B)=®(x,6).
The relation above is a model of the complex system with external input x and global
output Vv .



Choice of the best model of

complex system

s> Locally optimal model of complex system

A vit)
|~ » —» y
P CDl(Ul,Hl) QlN (Hl) > _»CI)3(U3,93) 3> QSN (03) >
A
(1)
0 it I w | e I
— 1 - Ol 1 03 >
y ng) >
ul! 5
u'? > 0O
: g NI w7y >
Y> l
_gl) v
> ——>
_>(D2(u2'92) I Q2N(02) >
2



Choice of the best model of

complex system

so Locally optimal model of complex system

Now, it will be assumed that each element of complex system is observed independently. For m-th elements for a
given input sequence the output is measured. The results of the experiment are collected in the following

matrices:
UmNm:|.uml Upy - umNmJ’ YmNm:[me Ymo o ymNmJ'

where N, is a number of measurement points for m-th element, m=1/1,2,....M .
For each m-th element we propose a model. We also propose the performance index:

QmNm (6)m)= HYmNm _Y_mNm (emj

U MmNy
_ df

where: YmNm(g ):[q)m(umllgm) CI)m(um2’6)m) CI)m(umNm'em)]'

m



Choice of the best model of

complex system

so Locally optimal model of complex system

The example of performance indexes Qy (Hm ) ;

N, N,
QNmm(Hm)= qu (ymn’ ymn)= qu (ymn 1 q)m(umn J em ))’
n=1 n=1

Qun, (0n) = MaX 16 (Vi Vi) § = MBX iy (Yo Py (U 0)) .



Choice of the best model of

complex system

so Locally optimal model of complex system

The optimal value of vector model parameters for m-th element is obtained by minimization of the
performance index Qpy (Qm) with respect to 8, from the space @,

H;Nm —> Qm, (H;Nm): min QmNm(Hm)’

On €0,
where Q;Nm is the optimal value of m-th model parameters and function @ _ with vector H;Nm ,le
ym = CI)m(um’emNm) '

is called locally optimal model of m-th element. The local identification task is repeated for each
element separately, i.e. m=1,2,...,M .



Choice of the best model of

complex system

so Locally optimal model of complex system

%

HJNJ
L df| g
Let us denote vector of all the locally optimal parameters by: 6, = N
_QMN M|
M
where: N = Z N, . The model of the complex system with locally optimal parameters, i.e.:
m=/

o . df .
V=C® '(x,0y;AB)=d(x,6y).

is called locally optimal model of complex system.



Choice of the best model of

complex system

Globally optimal model of complex system

(1)
" 0 yy ug’ v |y
» O, O, >
y? u§2>r v®@ g
ul yy
) o e
Phe 2 " >
Uz ) l L 2 4
Qu (‘9) —
— @) A A
n yo ug’) 0 | o6 T
> q)l(ul’el) D, (u,,6,) >
e 7@ ‘
u’ y: L
» q)Z (UZ ' 02 v »
uz’ v
y =d(x,0)




Choice of the best model of

complex system

s> Globally optimal model of complex system

Performance index: Q,(0)= ‘NN -V, (Q)HX

shows the difference between the result of the experiment Vy and the respective sequence of model
_ df

outputs calculated for input sequence Xy , i.e.: Vy, (0) = [®(x,0) @(x,,0) - D(x,,0)]

~

Oy~ Q6 )=minQy(0)

~

where: 6, is the optimal vector of model parameters and
V=>(u,b,)
is called a globally optimal model of complex system.



Multi-criteria approach

X = vector of decision variables

F]_(X)l F2 (X)1 ey Fl\/l (X) - performance indices




Polioptymalizacja

Syntetyczny wskaznik jakosci
= (X) =H (Fl(X), F2 (X), ey FK (X)) H(.) — funkcja monotoniczna ze
K

wzgledu na kazdg sktadowg
np.. F(X)= Zak F. (X)
k=1

gdzie:

K F =aF(X)+a,F,(X)+a;F(X)
Y a =1 >0, k=12,...,K ]
k=1 '

F(X):HFk(X)

X" — F(X") =min F(x) A
xe% = .,;




Polioptymalizacja

Optymalizujemy wybrany wskaznik,
Pozostate wskazniki spelnione sa w sposdb zadowalajacy.
Niech F, (X) - wybrany wskaznik

Fk(x)gﬁw k:2,3,...,K

Wskazniki spetnione w sposob zadowalajgcy

@z@xm{XE@{S:Fk(x)gﬂk,k:Z ..... K}

X" —> F(x") = mi@% F (%)




Choice of the best model of

complex system

s> Globally optimal model with local quality guaranteed

Synthetic performance index which takes into account both local and global model qualities:
M
Qn(0) = aOQN (0)+ ZaQON (On)
m=/

where: «,, «,,-, &, 1S a sequence of weight coefficients. They show weigh of participation

of global and local performance indexes respectively, in the synthetic performance
index. Now the optimal model parameters for synthetic performance index:

) §N _>6N(§N):%1€%16N(9)’

where 6, is an optimal vector for global model for synthetic performance index.



Choice of the best model of

complex system

s> Globally optimal model with local quality guaranteed

In the other approach we assume that local models must be sufficiently good:

QmN(gm)Sﬂma m:]929'”9M’
where quality sufficient number g is grater then locally optimal performance index, i.e.:

le>QmN(9:])9 m:]929”'7M°
Now, the optimal model parameters will be obtained by minimization global performance
index with additional constrains, i.e.:

Oy~ Qul0)=minQy (0).

_df

where @ ={0cO@c A : Qu(0,)< B Su>QuEh), M=1,2, M|

and 5,: Is a globally optimal vector parameters sufficiently good for local models.



Complex system with cascade

structure

(M)
X u1= 0, Y1 Uzr 0, Y, . ... Up o, Ym| V
e
V(l) v l v
QN (‘9) >
A A A
v© -
> 0,7,0) :
7(0) @) 7(2)
o,[@@,0) AASN o,[.4,) v
7(0) —(1) (2 7(M-1) (M)
vV, ch(V(O),Hl) v > CI)Z(\_/(l) HZ)V—> ~ q%(\*/(“’”),qﬂ) v
v =0(x,0)




Complex system with cascade

structure

The global model has the form:

v T D,(X,0,)
v D,(D,(X,6,),0,)

V(M) _¢M ("'@2(¢](X99])902)'”0M )_



Complex system with cascade structure

Notice that the model may be given in the recursive fom:

g (M+D) :@m(v(m),(gm), m=0,1,---, M

where V@ =x.

The global identification performance index is:

Q)= > av™,v{™)

n=/ m=/



Identification algorithm based on

dynamic programming

Step 1. Determine & such that
— N
Ay = V) > minD e 0,6 a,)-G b )
ay n=l
where:
Vl\(lM) Z[VEM) VEM)"'V&M)] - sequence of measurements of M-th global output,

(M-1) .
Vi - sequence of outputs of (M-1)-th element in cascade structure.
A —(M-1) _ [V(M -1 (M -1 VIEIM 1)]
\TN(M_l) = [(DM_1(\71(M_2)13-M—1) (DM—1(\72(M_2)13-M_1) (I)M—l(v[S]M_Z)1aM—1) ]: _1(V VM2 ,a _1)

Consequently solution may be rewritten:

6M (VN(M)’\7N(M_1)):6M (VI\SM)’(DM -1 N(IvI - a'M 1))



Identification algorithm based on

dynamic programming

—~

Step 2. Determine d,,_; such that

~ M M=1) 7 (M=2
aM—]:TM—I(VN( )9Vl\(l )aVN( )) —

ay n=1

N
min{qu-lw-”,cDM_l(st-znaM_l))+6M b, @, (vN(M-Z%aM_l))}:GM_l(st%st-“,v‘Nw-@)
where:

VM = [v§“"‘” viM DLy ")] - sequence of measurements of (M-1)-th global output,

V,M=? - sequence of outputs of (M-2)-th element in cascade structure.

T (M-=2) _ |[c(M=2) 5(M=-2) —(M=2)
VN - [Vz v, - Vy ]

We obtain \TN(M_Z) = [®M—2(v1(M_3)’aM—2) cDl\/l—z(vz(,vl_g)’aM-z) ®M—2(V&M_3)’ar\/|—z) ]: 6l\/l—z(\Trxl(l\/l_s)’aM-z)
Consequently solution may be rewritten

6|v| —1(VN(M)’VN(M_1) ’\TN(M_Z) ): 6|v| —1(V|\§M ) ’Vl\EM_l) ’ 6M -2 (\TN(M ), Ay —2))



Identification algorithm based on

dynamic programming

Step (M-1). Determine &, such that
- :SU2(VI\(IM),VN(M—1)’_”,VI\(lz)’\TN(J)) N

min{iqz(vr(f), ( 1) az))+Q3(\/(M) V(M—l) V(3) ) (V @) az))} Qz( (M) V(M—l) V(2) V(l))
a n=1

where:
AR [v(z) 2. vﬁf’] - sequence of measurements of second global output,

V" - sequence of outputs of the first element in cascade structure.
VAL [V(I) g0 ... g
We obtain V,* =|®, (%%,a,) ®,(V%,a) - ®, (7, a) |=[®,(x,a,) ©,(%,a,) D,(X.3)]=D,(X,.a)

where: V) = [v}") v {,"’] [x, x,---xy ]= Xy, X, - sequence of the external input.
Consequently:

62 (VN(M ) 9V|\(]M_1) 5" 9VN(2) 9\7N(1)): 62 (\/I\(IM)avN(M_I) " 'VN(Z) > 5I(X N » a]))



Identification algorithm based on

dynamic programming

~

Step M. Determine @1 such that
y/(V(M)V(M - VN(])aXN) N

mln{qu(V‘” (6,3 )+ QoM VM2 VP, By (X, ai))} QWM WM V0, X )
a n=1

@ _ |,,® ,@ ) )
where: V' = [Vl Vo e VY ] - sequence of measurements of first global output.



Identification algorithm based on

dynamic programming

Now we can came back and determine:
3, T(\/(M) VMD V|\(|])9XN)
VN(l) — CDl(XN 1 a1 ) = q)l(XN ’\P1(Vr\(|M)’Vr\5M_l)"”’Vr\(|l)’ XN ))

which is necessary to determine
3, =9 (V(M) VAURIRRVAC V(l)) Wy (V(M) VM v D (X ‘P(V(M) VM VN(l),XN)))z

Finally

3 _ (M) \/ (M-1)

aM - LIJM (VN ’VN )

the sequence will be determined at the previous step as

/ (M-1) / (M=2) =
VN cDM -1\YN & _1) :



Two stage identification and it’s

applications

First stage
identification plant

[

Second stage
identification plant

¥

« "M-1

:

M-th stage
identification plant




Two stage identification and it’s

N;n,

identification
| algorithm on the |«
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so Distillation column with pulsation

ES<‘ y l capacitor
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—— U, -filling of the column

l cooling water

vy

u ([ ) .
( steam flowL—’ \/

— rate i

E u, - frequency of pulsation
— // @ - amplitude of pulsation
boiler pulsator drive




Two stage identification and it’s

applications

so Distillation column with pulsation
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0.6 1 . 0,6 a
. w
L [
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so Distillation column with pulsation

df
MeasurementS: U1N1n2 - [ulln u12n Tt ulN n, ] YN1n2 = [y1n2 y2n2 Tt lenz ]’
Performance indices:Qy Z a, (yn o ( Uy, + O ))
1 ny =1
* ’_‘* *
df * *
“ 1NN, = [91N11 ‘91N12 01N1N2 ]

QZN Z qz( 1N n, ( 92 )) QNlNZ (62 ) = - Zz Zl ql(ynln2 ! (D(ulnlnz ! u2n2 ! 82 ))

2 n,=1 N1N2 n,=1 n=1
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o uy; = 5,39 Uy, = 7,00 U3 = 8,67 u,, = 10,00
(1) (2 (3 4

ny Uing1 Ym1 Upn, 2 Yn2 Un, 3 Y3 Uiy 4 Yn4

1 6,4 0,572060 6,1 0,838889 9,2 0,903488 7,3 1,3301716
2 6,5 0,648202 1,7 0,628602 | 12,2 0,916698 7,4 1,0848920
3 11,2 0,366938 8,9 0,666820 | 12,6 0,891862 | 11,3 1,0875064
4 11,6 0,840378 14,2 0,529828 | 13,9 0,780235 | 11,2 1,0617987
5 15,0 0,357619 14,7 0,369640 | 15,8 0,849268 | 114 1,2248224
6 16,2 0,252894 | 17,5 0,393696 | 15,9 0,676236 | 11,4 1,0097338
7 20,9 0,191408 17,6 0,423408 | 17,0 0,665933 | 114 1,1105566
8 21,0 0,211237 19,5 0,424521 | 17,7 0,798994 | 119 1,0569201
9 21,3 0,057237 | 19,6 0,359882 | 18,0 0,753221 | 144 0,9896686
10 26,2 0,240598 | 27,0 0,484021 | 15,1 1,089871 | 14,4 0,8944089
11 28,4 0,162991 | 27,3 0,386058 | 20,5 0,651258 | 14,4 0,9357480
12 28,6 0,249399 | 27,8 0,493950 | 20,9 0,764347 | 18,8 0,9650770
13 29,1 0,217105 | 28,2 0,487298 | 26,2 0,634033 | 19,1 0,9483388
14 36,4 0,343625 | 28,6 0,490247 | 26,6 0,657183 | 19,2 0,8510747
15 36,3 0,290017 | 29,4 0,411630 | 274 0,630113 | 23,5 0,9645854
16 42,8 0,373851 | 29,6 0,408095 | 27,6 0,588806 | 23,2 0,9037284
17 42,6 0,263002 | 37,8 0,453555 | 33,1 0,796697 | 26,9 0,8480748
18 43,9 0,331933 | 37,9 0,416033 | 33,0 0,712234 | 27,2 0,8781611
19 45,1 0,414180 | 41,3 0,539947 | 35,1 0,716245 | 27,5 0,9828131
20 47,0 0,494438 | 41,5 0,549499 | 37,1 0,633244 | 27,7 0,9799704
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The model: ¥ =®,(u,,0)=6%u a

Performance index on the first stage:

Ny 0( y \\2 N 2
QlNln2 (91) = Z (In ynln2 I (9(2)u1n n, )) = Z (In yn n, In 9(2) 01(1) In u1n1n2 ) )

Identification algorithm "
on the first stage: Al Z Iny,. Inu,, - Z Iny,. | D Inu,,
) n=1 1 n=1 n=1
AiNlnz 1 Ng , Ny Ny
2
0*(1) B A'(\‘l)“z N Z (|I’] ulnlnz ) Z In ynlnz Z In ulnlnz Z In yn1n2 In u1”1”2
* | VAN, | 1N;n, N, n=1 n=1 Ny n=1 n=1
N, — 9@ Ai( 2
1N;n, N;n, Ny
exp( B J B1N1n2 = Z (In uln n, ) (Z In u1n1n2 J
1IN;n, | n =1 1 n =1




Two stage identification and it’s

applications

Ny 1 2 3 4
Ugn, 5,33 7,00 8,67 10,0
O, 0,274 0,203 ~0,260 0,207
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0 2 4 6 8 10 12 14
0 . — 33 o0 @
uHg L
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01 27
o
-0,15 A 15 1
02 1 a . 1 5
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0,25 4 '
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Performance index on the second stage:

[ (0 _ g ) @, @)
Q2N2 ( 1N1n2 - 0 ) (In 01N1n In(ez u2n2 2 jj
=1

2

2 4 6 8 10 12 14

f=]

2
=
>

N

(3), 95" 20 2 . 2
ZUS ((e O 00 +(In62 ~1no® -2 Inu,, ) j

1N1n2
no =1
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N,
1 *(1)
N_z ZelNlnz
e - . oD ] n, =1
Identification algorithm ) 2 (sz) AY
on the second stage: O, =| O, | = 3 :
*(3) 2N,
_62’\‘2 _ AEZ)
exp| —z
O _ N g0 1 (&1, 50 [ B,y
—_ 2
v, =2 NG Inu,, —— > Ing | > Inu,, : -
n,=1 Nz n,=1 n,=1
N N N N
AR 1 ZZ(Inu ¥ ZZ:InH*(Z) L Zzlnu Zzlne*(z) Inu
N, N 2n, 1nn, N 2n, 1nn, 2n,
2 \ n,=1 n,=1 2 \ n,=l n,=1

N, 1 N, 2
B,, = Z(In u2n2)2 —N—(Zln u2n2]
ny=1 2 \ ny=1
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so Direct approach

The model:

9(1)

y:CD(Ul,UZ,Q ) ‘9(3)u u,” ,
Performance index:

2 1

Qun, (@ ZZ(In Yo, —In(H‘”uf; ufrf(r), ))

n,=1n;=1

N, N;

_ (3) (2) @) 2
_ ZZ(In Yon, N6 —6;7 Inu,, -6 In ulnlnz)
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so Direct approach

~
*

Identification algorithm: 6, =

df

ANlNz =

IVE!
=M NlszNlNz

Inu
N, N; Inyn,

My, =20 Inuy, [Inulnlnz Inu,,

9@ ]
2N;N,

N *(2)
‘92N1N2

N *(3)

2NN,

1]

@)

©)
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1nn,
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so Direct approach

Approach 0, 6’51) «9§2) 9§3) QnyN, (6,)

Two-stage 0,=0, N, 0,236 1,624 0,043 1,053014

Direct 0, = 52*N1N2 0,237 1,826 0,029 1,016943
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