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Choose youyself and new technotlogies

L.16. Selected problems of complex systems modeling
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Model in the systems research
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Plant in the class of model

Choice of the best model
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Complex systems description

raw acetylsalicylic

1st stage of acid — 1st batch _ aspirin
crystallisation| mother drying >

benzene
— >

M and filtration liquid
raw acetylsalicylic
dissolution, acid - 2nd batch
2nd stage of
benzene y| crystallisation acetic acid, benzene, >
and filtration pollutants

Complex system of chemical nature
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New problems

» Complex systems description

» |ldentification with restricted measurements
possibilities

» Local and global identification problem

» Multistage identification
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Example of complex system
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Complex systems description

Complex input output system with M elementary subsystems O,, O,,...,O,, .
Ym = Fm(Um )

Characteristic of the m-th subsystem, input u_, and output Y., Fy, is a known function.

- o
u y(2)
u,=| E@Z/mg@sm, Vo= " eo%mg@““,m:],l oM.
_ufnsm)_ _yr(an)_

where: S, and L, are dimensions of the input and output spaces,
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Complex systems description

Let u, y, denote vectors of all inputs and outputs in the complex plant:

u(l) u] y(]) yl X(I)_
(2) |df (2) |df (2)
u® | uy inim _X(§)_

M
where vector of all complex system inputs: U € U =Y x VU, x ---x U, < R, S = ZSm ,
m=/

M
vector of all complex system outputs: yed = x Hx-x I, cR", L= Z L, .
m=/

and x is S dimensional external input vector Xxe @ < U < R> .
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Complex systems description

The structure of the system is given by the relation:

u=Ay+ BX,

where: Ais SxL and Bis SxS zero— one matrix.
The matrix A defines the connections between system elements, i.e.:

{1 it 0l =y0
s=1,2,..,5 > 951 = _ : N
1=1,2,...,L 0 if u( );ty()

and matrix B shows the external inputs, i.e.:

' bS§ :{ .

A=|ay]

B= [bs§] s=1,2,...,S

s=1,2,...,S

0 if u®=x®
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Complex systems description

0]
v
External complex system outputs: v=|
_V(E)_
L dimensional vector v, distinguished all outputs defined by L x L matrix C,
v=Cy,
where
i M) _ 0
[c ] c if vii=yr
1=1,2,..., I 0 if V(I)iy(l)
1=1,2,..., L

The external output vector: ve % ={v:Vye #v=Cy|c R
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Example of complex system
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Complex systems description

u= Ay + BX
w1 To 0 0 o0 oy [1 0
us’ | 1010 0 0fyP | 0 0
u@ |={o 0 0 0 ofy® |+|0 J{XQ)]
uO [ |10 0 0 oy o o
u? | 00 1 0 0fy] [0 0]
v=Cy
o y;"
vl o 0 0 0 1] y?
VP2 =10 0 1 0 0]y
VO 10 0 0 1 0fy?
Y5
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Complex systems description

y, | | Fiu) ]
Let us denote it by: y = y:2 = Fz(:u2) OI:flf(u).
L Ym ] [Fu(Un)
y=F (Ay + Bx) .

By solving this with respect to y we obtain: y =F ~/(x; A, B)

v=CF ' (x;A,B)=F(x).
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ldentification of complex systems with
restricted measurement possibilities

Let us consider complex system with M elements O,,0O,,...,O,,. The structure of the complex
system is given by matrices A and B. Static characteristics are known with accuracy to parameters:

ym — Fm(umﬂem)
u, and Yy, are input and output of m — th elements, F, is a known function &, is R, — dimensional
vector of unknown parameters:

6. = m e@mg@Rm

Only external inputs x and outputs v shown by matrix C are measured.
Now a new question appears: Is it possible to uniquely determine plant characteristic parameters based
on restricted output measurements?
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(1) (1)
0 | g Y1 Us y& 1)
X 1 > 3 V
» O o, O, >
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Example of complex system
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ldentification of complex systems with
restricted measurement possibilities

The following examples show the problem.

X U Yi=U, Y,
—_— O1 > 02 >

Cascade structure of two elements

For the above case the system description has the form:

S T e
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A
4

ldentification of complex systems with

restricted measurement possibilities

Example 1 Let static characteristics of the first and second element are:
0
y;=u;", y2:672U2.

The system as a new element has the form: v=6, x” =% *""% where 9" = [(91 92]
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).

V] 2] X&, eH, X;+Iné,
Now the system description has the form: =| 2" = 9 ,
, X, +In6,

Vo | 10,x5 | e
Inv, —Inv,
T . 0, InXx, —InX,
and identification algorithm: =
Ing, Inv,InX, —Ilnv, InX,
i InX, —InX,

i HUMAN CAPITAL
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ldentification of complex systems with
restricted measurement possibilities

Example 2 Now let us assume, that both elements are linear ones,
y,=6,u, y,=6,u,.
The description of the system as a new element has the form:
v=46,0,X,
o' = [9, 92] is a vector of unknown parameters.
For external inputs X, # X, outputs v; and v, were measured (N = 2).

. V; 0,0, X,
Now the system description has the form: = :
V2 91 02 X2

: : : Vv
It is possible to determine: 6,60, =—",n=1,2..
X

n
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Deterministic separability

y] i Fl(ube]) ]

F,(u,,0,) |9 _
y= y:2 _ 2(U:2 >) —F.0),

Yv | | FvUn,0u) ]
where @ is a vector of all parameters of particular elements i.e.:

[ 9 ] 9,
6\ |df| o, - M
0=|". |5 | 0e@=0,x0,x-xO, cR,R=D R .
: . m=/
o® | 16,
The characteristic of the system as a whole with external inputs x outputs v is:

df
v=CF /(x,60;A,B) =F(x,0).
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Deterministic separability

Example 3. Description of the m — th element has the form:
Vo == U, m=12,...,M ,where: = is L, xS, matrices of parameters i.e.:

1=1,2,...,L,
s=1,2,..., S
Now, the relation is:
'y, | |5, O - O |u,] =5, O - O]
Y, o £z, .-+ O ||u, :df 0O £, O
Ym| O O - Ey||lUn | 0 0 - Ey|]
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Deterministic separability

=Zu=E(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= Bx,
under condition that (I - = A) IS non-singular matrix. Notice that complex system composed
by linear elements gives linear system

where:
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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

X=X X - XN]'
which together with corresponding results of output measurements
V=1V, v, o 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 4.
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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)=F(x,0),
and finally: v=F(x,0),
where vector of plant parameters 0 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=0:v0c0,0 =r0)cx®

~ ~

R is dimension of the new plant characteristic and F is a known function, such that:
F.Zx0—>9.

HUMAN CAPITAL RURCPAN
i HUMAN — BEST INVESTMENT! w Wroclaw University of Technology o daiacd
Project co-finan E BAR Caaal T

-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology e

at Wroctaw University of Technology

Deterministic separability

The form of functions F and I 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:

Vv :92 X6’] _ e@, X+In@, _ eﬁ,x+52 ,
~ |6 0
where 6 =| /=] |,
0, In6,
and characteristic for Example 2:
v=46,0,Xx=0x,

~

where 6 =06,0,.
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Deterministic separability

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

Proof: Vnzﬁ(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.0)
and solution with respect to 7] gives identification algorithm:
df

~

0 = 'E_I(XN VN ): N (XN VN )
o=r"(8),
where 7"~ is an inverse function of 7" . Finally, we obtain identification algorithm:
(9:]“"(5’7'\] (XN YN )): LY (XNaYN )
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Probabilistic separability

6,0,
(6, £.(0,)
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Probabilistic separability

utilization of a’priori 6, =116,,6
. : fg(g) N ( 1,6,)
information

0,

— df — —~ ~ df
v=CF,'(x,0;A,B)=F(x,0)=F(x,0), 0 =7(0),
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Choice of the best model of
complex system

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 :(Dm(um’em)’
Y., is output of the model, @ is a known, proposed by us, function and &, 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.:

g e
V(Z) 9(2)
ym: m e@%mg@Lmagm: m Eng@le
_yr(nsm)_ _Qr(an)_
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Choice of the best model of
complex system

_u(])_ _ul_ y ) y] y y]
(2) |af (2) |af v(2) |df
Let: u= u. = U:Z , Y= y, = y:Z , Y= y, = y.z :
_U(S)_ _uM | _y(L)_ _yM | _y(L)_ _yM ]

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

m=/

M
plant outputs and all model outputs: Y, Y€ & = ¥ x I x---x I, < R-, L = Z L, . Only some outputs

m=/
will be taken into account. Those outputs will be called the global outputs v,and they are shown by LxL

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".
i nnl»jm -SﬁTLAL LYL@',@!{E?E\E@MI@OLD&( soon 0

-financed from the EU European Social Fund
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Choice of the best model of
complex system

RANEKACHAN

v D 0 dt
y:2 2(u:2 2) ZCD(U,@),

<l
Il

Yu _CDM (UM’HM )_

u=Ay+ Bx,
v=Cy.
where: Ve ={U:Vyev=Cylc R,

M
and unknown vector of model parameters: 8 € @ =@, xO@, x---xOy < R",R = Z R, -
m=/
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Choice of the best model of
complex system

Output of the model may be expressed as:
y = ®(Ay + Bx, ).
Solution of above equation with respectto y gives:
y=0'(x,0;A B).

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

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

* Locally optimal model of complex system

e . 7o
q (Dl(ul’gl) QlN (61)‘_> d)3(u3,6?3) i Q3N (6’3)‘_>
" y A { 4
(®
0 ! vl Y
» O, (Z)L O, >
yl(Z) u3 »
(2) u?) > ygl)
u, g O R
> 2 B) »
Y2
)—él) \ 4 \ 4
=(D2(U2,92) ; QzN(gz)" >
v,
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Choice of the best model of
complex system

* 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:
UmNmZI.umI Uny - umNmJ’ YmNmZI-yml Ymz o ymNmJ’

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

Qun, 6,)= HYmNm ~Yon, (Qm)(UmNm :

df
where: Y_mNm(Hm):[(Dm(uml'Hm) CI)m(umz’gm) (Dm(umNm'Hm)]'
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Choice of the best model of
complex system

* Locally optimal model of complex system

The example of performance indexes QNmm(Hm ):

N,
QNmm(em):Z ymn ymn qu ymn 9 ))
n=1

Qux, (6) = Max {dy, (Yo Yiun) = MaX A0y, (Vs @ (U, 6)) -

1<n<N,, 1<n<N,,
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Choice of the best model of
complex system

* 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 (Hm) with respect to 8, from the space @,

O, = Qun. (HmNm ): gngg O (Hm)'

where H;Nm is the optimal value of m-th model parameters and function @ _ with vector H;Nm , Le.
ym = q)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 .
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Choice of the best model of
complex system

* Locally optimal model of complex system

HIN,
. NN
Let us denote vector of all the locally optimal parameters by: 6, = ~."7 |,
O,
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.
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Choice of the best model of
complex system

* Globally optimal model of complex system

(1) ©
) ) v v |y ‘
> 0, 0, S
o el /@ .
u) [y
(2) | .
u; ygz) vy v
Q) —
7 W Y
T P s
> q)l(ul’al) CD3(U3,03) >
y(z) u:EZ)’_> \7(2) R
u’ y: L
q (Dz(uzﬂz v .
uy’ v
y=®(x,0)
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Choice of the best model of
complex system

* Globally optimal model of complex system

Performance index: Qu(0)=|Vy -V (H)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.: V (0) = [D(x,0) @(x,,0) --- ®(x,,0)]

~

Oy~ Q[0 )=minQ, (0),

~

where: 6, is the optimal vector of model parameters and
vV =®d(u, §N)
is called a globally optimal model of complex system.
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Multi-criteria approach

X —vector of decision variables

Fl(X), F2 (X), cee FM (X) — performance indices

v
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Multi-criteria approach

* Synthetic performance index

F(x)=H(F(x),F,(X),...,F, (X)) - FaR(+aR(0)+aR(X)
K

i.e. F(X)= ZamFm (X)

M
where: Zamzl, a, >0, k=12,...,M
m=1

Solution: X" — F(X") = m:i%n F(X) X
XeY
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Multi-criteria approach

* Select preferred performance index,
the other — sufficient quality

F, (X) —selected performance index

Fm(x)gﬂm; k:2,3,...,M

9 :@Xm{XG@S F.(X)< 4., m=2,..-,K} P
ps

Solution: X" — F(X") = miglg F (X)
XeY
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Choice of the best model of
complex system

Globally optimal model with local quality guaranteed

Synthetic performance index which takes into account both local and global model qualities:
M
QN (0)= aOQN @)+ ZaQON (Hm) ,
m=1/

where: «,, a,, -, a, 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 (gN )= gleig 6N (0),

where @y, is an optimal vector for global model for synthetic performance index.
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Choice of the best model of
complex system

* Globally optimal model with local quality guaranteed
In the other approach we assume that local models must be sufficiently good:

QmN(Qm)Sﬁm: m:192)'“)M’
where quality sufficient number £ is grater then locally optimal performance index, i.e.:

ﬁm>QmN(9m)9 m:]929"'9M-
Now, the optimal model parameters will be obtained by minimization global performance
index with additional constrains, I.e.:

Oy > Quln)=minQ,(0),

_df )
where @ =0 @c R®: Q,(0,)< By So>Qu(@), M=12, M.}

and 5,: is a globally optimal vector parameters sufficiently good for local models.
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Complex system with cascade
structure

L 0, Y, 2, 0, Y, . ... M o, M
v
v l v _ v
Q) —>
24 ry
7(0) ()
0,7, -
7 (0) 7@ (2
o, 6)F > @, 4,) :
7(0) (1) 7(2) g(M-1) (M)
v q)l(v(o),gl) v > ‘1)2(\7(1) 92) . AN q?w((ﬂv”),qﬂ) v
vV =d(x,0)
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Complex system with cascade
structure

The global model has the form:

v T D,(X,0,) |
v _ D,(PD,(X,6,),6,)
T || @y (@ (@, (%,6),0,) Oy ).
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Complex system with cascade
structure

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

VAULR) :djm(v(m)’gm), m=0,1,---,M

where V@ =x.

The global identification performance index is:

Q)= > a{™,v{™)

n=/ m=/

HUMAN CAPITAL (3 e
i HUMAN — BEST INVESTMENT! w Wroclaw University of Technology o daiacd
Project co-financec m the E

-financed from the EU European Social Fund



‘% Master programmes in English
Wroctaw University of Technology =

at Wroctaw University of Technology

ldentification algorithm based on

dynamic programming

Step 1. Determine & such that

~ M) \7 (M-I R (M- = — (M-

ay =Py (VN( )DVN( )) — min qu(st)’Qm(Vn(M Y, a, ))=QM (\/I\EM)'VN(M 1))
ay n=1

where:

Vl\(lM) = [VgM) VgM) "'V(NM)] - sequence of measurements of M-th global output,

\/ (M-1) .

Vi - sequence of outputs of (M-1)-th element in cascade structure.

\7N(M—1) _ [VI(M—I) VZ(M—I) "'VIEJM —1)]

\7N(M_1) = [CDM—l(vl(M_Z)’aM—l) (DM—l(VZ(M_Z)’aM—l) ”'(DM—l(leIM_Z)’aM—l) ]:aM—l _N(M_Z)'aM—l)

Consequently solution may be rewritten:

QM (\/N(M) ’VN(M_l) ): GM (\/N(M) , 6M —1(\7N(M_2) , a'M —1))
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A
4

A
ldentification algorithm based on
dynamic programming

Step 2. Determine 5M _¢ such that

I VR R AL I

mln {i qM—l(V§M71)7(DM—1(vr$M72)'aM—l))+6M (\/r\EM)’EM (\TN(MZ)1aM—1))} = 6M-1(V|\(|M)’V|\|(M71)'\71\|(M72))

where:

VM = [vﬁ“"") MDY ‘”] - sequence of measurements of (M-1)—th global output,

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

\7N(M—2) _ [vl(M—z) vz(M—z)_“v,EIM—z)]

We Obtain \7N(M_2) = [CDM—Z(vl(M_S)’aM—Z) (DM—z(vz(M_g)faM—z) ”'q)M—Z(vIEIM_g)’aM—Z) ]ZEM—Z _N(M_3)’aM—2)

Consequently solution may be rewritten
'e) (M) \y(M-1) \y (M-2) ) _ "y (M) \y(M-1) & \/ (M-3)
QM—l(\/N Yy WV )_QM—l(\/N Vi , Py (Vi ’aM—Z))
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ldentification algorithm based on
dynamic programming

Step (M-1). Determine &, such that
SU(V(NDV(M - vN<2>,v<”) N

min{zqz(vr(f)’ ( ® az))+Q3(V(M) VAU IRRVICIGRVAS az))} QZ(V(M) VALSIRVIC V(l))
a, n=1
where:
VARES [v}z) v v(Nz)] - sequence of measurements of second global output,
V" - sequence of outputs of the first element in cascade structure.
VAL [\71(1) 7 ,.,\7&1)]
T —(0 =(0 =(0 N
we obtain V¥ = |0, (7%, 8,) ©,(7%,a) 0, (T, ) |=[@,(x,8) ©,(%,,8) D, (xy,a)]=D,(X,. )

where: V,\” = [\7}") V... \7&,")]: [x, x,---xy]= Xy, X, - sequence of the external input.
Consequently:

QZ(\/(M)V(M -1 Vl\(IZ)av(I)) QZ(\/(M)V(M -1y V,ﬁz),d?(XN,a))
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ldentification algorithm based on
dynamic programming

Step M. Determine &4 such that
5”(\/('\") VD Vl\(ll)oxN) N

min{qu(V(l) (X a1))+Q2(V(M) V(M—l) V(2) q) (XN ai))} Q1<V(M) V(M—l) V(l) X )
q n=1

@ _ [,,@® ,@ 1) )
where: V' = [Vl VooV ] - sequence of measurements of first global output.
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ldentification algorithm based on
dynamic programming

Now we can came back and determine:
g, T(\/(M)V(M D | VI\I(])DXN)
VO =D, (X,,3)= CD(XN,\P(V(M)V(M‘” V& X))

WhICh IS necessary to determine
_y (V(Nn VAL IRVIC V(l)) N7 (V(M) VA IRVIC G (X \P(\/(M) VM Ly X )))

Flnally

a3 _ (M) \/ (M-1)

aM T LPM (\/N ’VN )

the sequence will be determined at the previous step as
V V'Y = cDM -1 N(NI - a 1)
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Two stage identification and it’s
applications

U First stage y
_> . .o . —>
identification plant
A

6,
Uz Second stage
—> . . .
identification plant
I §
. Oua
Up
M-th stage
identification plant
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Two stage identification and it’s

° e
applications
identification
P algorithm on the |«
1-st stage
e Space decomposition
u identification . g
lnlnz > p|ant0nthe yn1n2 > i Tlme decompOSItlon
1-st stage
A
T 02 N,
identification
- — » algorithm on the |«
u2nz identification 92n2 2-nd stage
| plant on the
2-nd stage
u1n1n2
identification
p algorithm on the |« \ *
2-nd stage Uy, identification | Gy, identification identification O,
- plant on the plant on the algorithm on the -
0 2-nd stage 1-st stage 1-st stage
2N, ?
- measurement system
. .o . y
Two stage identification y o
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Two stage identification and it’s
applicatiOnS lcoolingwater

e Distillation column with pulsation

E% y l capacitor
distillate

—— U, -filling of the column

( Stea: 1f|0v: E}v

— rate .

} u, - frequency of pulsation
| / @ - amplitude of pulsation
boiler pulsator drive
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Two stage identification and it’s
applications

e Distillation column with pulsation

U, y u
1( : 1) u, cD(Uruzﬁz)

X —
o

- cij(uzﬂz)

df

y = (D(ul’UZ’QZ)Z(Dl(ul’(DZ(uZ’HZ))
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Two stage identification and it’s
applications

e Distillation column with pulsation

L4 3 vy 14 3 vy
1’2 ] u, =5,39 Hz 1’2 T u,=7Hz
1 4 1
0,8 . 0,8 a
[ ] (=]
0,6 1 s 0,6 A g
. \n\-n%\g_ﬂ
n [ ] 4 a
04 - . 0,4 o BB o
- L L]
0,2 » = ] 0.2 1 wm*h ]
a
0 T T T T Ll 0 ]
0 10 20 30 40 50 0 10 20 30 40 50
LA 3 vy a3y
1,2 1,2 A *
o u, = 8,67 Hz ° u; =10 Hz
14 1 L4 e ©
? H
0,5 52 o 08 A *
0 0
oo
06 - e & 0,6 -
0,4 04 -
02 1 umt 0.2 1 u[m®h ]
] T T T T > 0 T T . T »
0 10 20 30 40 50 ] 10 20 30 40 50
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A —
° ° ° ] ° ’
Two stage identification and it’s
applications

e Distillation column with pulsation
First stage for a given u;=uy,,
Measurements: UlN1nz d:f I:ullnz Uy, o ulNlnz]’ YNln2 — [Y1n2 Yo, lenz]’
Performance indices: Q;, n2 qu(ynlnz ( Uppn, s , O, )) Hl*Nlnz - SU1N1 (U1N1n2 ’YNlnz)
Second stage N a3

* df * * *
ElNlNZ = [‘91N11 91N12 91N1N2]- UzN2 = [u21 Uy oo ulNz]’
QZN2 ((92): Ni iqz(Hlenz , (I)2<u2n2 , 0, )) H;NZ — \PZNZ (UzN2 ’EINlNZ )
2 ny=1

N, Ny

N N 2 / 2 ,ql(ynln2 (uln N, u2n2 9 ))
2 n,=1 n=1
EUROPEAN
;R N— =
Project co-financed from the EU European Social Fund
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Two stage identification and it’s
applications

s Uy = 5,39 U, = 7,00 U3 = 8,67 Uy, = 10,00
(1) (2 (3 4

ny Uipga Y1 Ui, 2 Yn 2 Ui, 3 Y3 Ui 4 Y4

1 6,4 0,572060 6,1 0,838889 9,2 0,903488 7,3 1,3301716
2 6,5 0,648202 7,7 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 | 114 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 | 11,9 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 | 27,4 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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Two stage identification and it’s
applications

1,4 - 1,4 1 =

F 3 y’ y F 3 y’ y
1,2 A 1,2 A
. u, =5,39 Hz . u,=7Hz
0,8 . 0,8 - o
_ u i g™
o " = 06 \U\J:Eﬂ\g_ﬂ
0,4 1 - w" 0,4 1 o 88 o
. O
0,2 (] ] 0.2 -
3,.-1 ' 3,.-1
. upm>h ] u[m=-h 7]
0 10 20 30 40 50 0 10 20 30 40 50
142 _ L4 3
1,2 1 iy 1,2 1 .y .
o} = L4 =
1 u, =8,67 Hz L \!\;\‘\:\;uz 10 Hz
®
0,8 - 52 o 0,8 - ¢
o 00
06 © o & 06
04 04 -
02 3,-1, %21 3,.-1
. uy[m>h] . ufm>-h1
0 10 20 30 40 50 0 10 20 30 40 50
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Two stage identification and it’s
applications

6’(1)

The model:  y =, (u,,0)=62u

Performance index on the first stage:

N N
: 2 o 2 - 2 1 2
QlNlnz (91) = Z (In ynln2 o |n(91( )ulnlnz )) = Z (In yn n, In 9( : 01( ) In u1n1n2 ) )
n =1 n=1
|dentification algorithm N,
on the first stage: AN, = z Iny,. Inu,, - (Z Yo, | 2,10 ulnlan
r - n=1 1 n=1 n=1

1)
Al 1n2 ? 1 Ny ) Ny Ny

9*(1) B AN1n2 =N N Z(In u1n1n2> zln yn1n2 - zlnulnlnz Zln yn1n2 In u1n1n2
* N, | IN;n, Ny

_ 1 I’l1=1 n1=1 n1—1 n1=1
IN;n, T *(2 o 2)
w gllsllr:z ex Ai( AN, Ny ’
p B BlNln2 = Z(In u1n n, ) Z In l'Iln1n2
1IN¢n, n=1 1 n=1
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appli

Two stage identification and it’s
cations

N, 2 3 4
Usn, 5,33 7,00 8,67 10,0
Hf,ﬁl)n -0,274 -0,203 —0,260 -0,207
12
91*,52?1 0,707 0,886 1,635 1,767
12
0 2 4 6 8 10 12 14
0 — 33 491(1),51(2)
Hz]
0,05 1 ua 25 A
0,1 1 2 1
(o]
0,15 15 1
0,2 R 1 1
05 4
0,25 1 :
° u, [Hz]
0 - r >

1) (2
03 3 91(),91()

Performance index on the second stage:

0 =CD2(U2,¢92)=

0"
(2)
o

HUMAN CAPITAL
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Two stage identification and it’s
applications

2
1 *(1)
- ) ] N_z 191N1n2
. . . . N n2:
Identification algorithm ) Qi(sz) AD
on the second stage: O, =| O, | = 3 :
5O 2N,
[ 72Np | AEZ)
exp| ——2
O _ e @ 1 [0 | © B,
2, =2 Ing 2 Inu,, N D Ing2 1> Inu,, . 2/
ny=1 2 \ n,=1 ny=1
(2) 1 [ S *(2) 1 [ N *(2)
AZNZ — 1 Z(In uZﬂz)2 Zln 01“1”2 TN Zln u2n2 zln Hlnlnz In u2n2
N, n,=1 n,=1 N, n,=1 n,=1

N, 1 N, 2
B,\, = Z(In uZHZ)2 —N—[Zln u2n2j
n,=1 2 \ n=1
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Two stage identification and it’s
applications

* Direct approach

The model:
9(2) 9(1)

y:q)(uvuz"g) 6(3)u2 u1 1
Performance index:

N, N;

Qun (0,)= 33 (Iny,, —InfePusu )

2 1
(3) (2) (1) 2
_ZZ(In Yor, N6 =07 Inu,, -6 |nU1nln2)

n,=1m =1
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Two stage identification and it’s
applications

 Direct approach m s i 7
PP e oA
|dentification algorithm: 92*N1N2 = 92*@,2 = Aﬁ,zlf\,z
Hz*l\(l?)Nz J eXp Af(\i)'\lz

_Af\ll) _
df 1N2
_ 2 | _n?

AN1N2 = AN1N2 =M NlNZleNZ
(3)
AN1N2 _

NN In ulnlnz N, N; In ulnlnz
5 by, =D, | Inu,, |In
M NN, ~ ZZ In u2n2 [In u1n1n2 In uzn2 1] N; N> et 2n, yn1n2
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Two stage identification and it’s
applications

* Direct approach

Approach 0, 051) 6’52) 053) QNN (92 )
Two-stage 0, = 6’; 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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Two stage identification and it’s
applications
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Final remarks

* |dentification of complex systems

e |dentification with restricted measurement
nossibilities

* Local and global identification

* Globally optimal model with respect local
qguality
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Thank you for attention
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