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u(t) )

Identification

Plant
u, Yn

Model equation: y, +a,y,_,+...+a,y, , =bu, +bu,  +...+bu, _,

or using transfer function: 4(z"')=gz"'+a,z%+...+a,z"
B(Z_l): by+bz "' +..+bz"

we can write equivalently: y, +A(Z‘1)y,, =B(Z_1)Mn k(=)= B(z")

i+l )=B6 "k,
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_a]_ __y _1_
Let us denote: "
Clz _yn—Z
a _
0 == " X = yn_m
b1 U, ;
_bk_ | Uk |

and rewrite model equation as:

Yn = —QYn-1— -+ —AmYn—m + boUy + bty + -+ by

y n n
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Least Squares method

Performance index:

n=0
. -1
Solution: N )L
QN: ZXan Zyan
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Estimation of Linear Plant Parameters

.

u w
——— »| Identification y”—> + —
Plant

Yn + alyn—l‘l' +amyn—m = boun + blun—l + -+ bkun—k

Measurements with disturbances:

v}’l
.

w +aw ,+...+aw =bu +bu ,+...+bu ,+z +az +...+a,z

m

z is now correlated with previous states (we had w = F(u,8)+ z before)

HUMAN CAPITAL 5 o
i HUMAR - BEST INVESTMENT! @ Wroclaw University of Technology o
Praiect ¢ from the EU Eurapean Sacial F

Fraject co-financed from the EU Eurapean Social Fund



Identification

Plant









+











image4.wmf

n


z




oleObject4.bin



oleObject5.bin



oleObject6.bin



oleObject7.bin



oleObject8.bin



image1.wmf

n


u




oleObject1.bin



image2.wmf

n


y




oleObject2.bin



image3.wmf

n


w




oleObject3.bin




@ Master programmes in English
' Wroctaw University of Technology =

at Wroctaw University of Technology

ldentification of Dynamic Plants
Estimation of Linear Plant Parameters

or by transfer function

m

-1 -1 -2 -
A(Z )zalz +a,z " +...+ta,z
B(Z_I)Z by+bz"'+...+bz"

we can rewrite equivalently:

w, = A(z_l )wn + B(z_l )un +v,
w4z )=l

w, =—aw, ,—aw, _,—...—aw,__+bu +bu, ,+...+bu, , +v
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Estimation of Linear Plant Parameters

Let us denote: a, | ]
a, -w,
o=|"" X, =| "

by u,

b] un 1

; "

b, '

and rewrite model equation as:

AT
w, =0"X +v,

v, =2, +alzn_1+...+amzn_m
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Estimation of Linear Plant Parameters

1. Direct approach

w, = —A(z‘l)wn + B(z‘1 )un +v, = —A(z‘1 )Wn + B(z‘1 )un + (1 + A(z‘1 ))zn
w (1= Az")=B(z ", +(1+ 4z,

wllealz")_ Bl
1+A(z‘1) _Wn_m !

Z is de-correlated, but parameters are nonlinearly involved in the equation.
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LSQ method, forgetting that are correlated:

Performance index:
N

0,(0)= ;(wn -6'X,f

N
vG’QN (9) = _ZZ (Wn o gTXn )>(n = Om+k+1
n=0

N TN
Solution: eNz(ZXnX,fj > w,X,
n=0 n=0

But: v and z are correlated v =z +a,z,_,;+..+a,z
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2. De-correlation of disturbances
Let us assume, that v, = pv,_, + 2z,

vn(]—pz_]): z,
By multiplying both sides of equation:

n
N

w +aw ,+...+aw =bu +bu ,+...+bu ,+z +az ,+...+az

by (/") , we obtain:

1=t )= mapn 1= p Va1 )+
+byu, (] —pz_1)+ . tbu, (] - pz_1)+ v, (1 —pz_l)

HUMAN CAPITAL 5 o
i HUMAR - BEST INVESTMENT! @ Wroclaw University of Technology o
Praiect ¢ from the EU Eurapean Sacial F

Fraject co-financed from the EU Eurapean Social Fund



@ Master programmes in English
' Wroctaw University of Technology =

at Wroctaw University of Technology

ldentification of Dynamic Plants
Estimation of Linear Plant Parameters

Let w/ =(1—pz")wn , ul =(1—,oz‘1)un , Where [ stands for filtered . Then:

S o= —aw

f — f f f
W, =—a,w w o +bul +bul ... +bu , +z

n

and now we have grounds to apply LS method:
N Iy
0, :[zx;;(x;)’j 3wl x/
n=0 n=0

where u/ and w’are work out iteratively with use of following procedure:
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Estimation of Linear Plant Parameters

step 1. N Oy
0, =(anxﬁ ] > w,X,
n=0 n=0
step 2. w, =0 X +v
vV, =W, —HﬁXn
step 3.

vn - Vn—]IO+Zn

N
zn:1 vnvn—l
N2
Zn:] v”’*l

N
mpinZ(vn _an—1)2 = Py =
n=1

HUMAN CAPITAL uncrens
i HUMAR - BEST INVESTMENT! Wroclaw University of Technology s o]
Praject cc I from :

Project co-financed from the EU European Social Fund



@ Master programmes in English
' Wroctaw University of Technology R

at Wroctaw University of Technology

ldentification of Dynamic Plants
Estimation of Linear Plant Parameters

step 4. w/ = (] —pyz! )Wn =W, = PyWai
step 5. l
N N
0, =[ZX£(X£)TJ 2w X,
n=0 n=0
GOTO 2
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Estimation of Linear Plant Parameters

3. Generalized Least Square Method

D(zY=(dizt+dyz7?-d.z")

It means that we take into account correlation (back in time) between
disturbances, not only oz, as before.

v, = D(Z_I )vn +z,

v =dyv, +d,v, ,+...+dv __+z

v(l-D"))=z,
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Estimation of Linear Plant Parameters

3. Generalized Least Square Method
By multiplying both sides of equation:

vn
/\

-~

w +aw +...+aw _=bu +bu ,+...+bu , + an +az, +...4a,z
by (/-p(z")), we obtain:
w =w, (] - D(Z_I)) u! =u, (] - D(Z_] ))
S/

S — f f f
wo=—aw ,—...—aw _+bu +...+bu +z

and iterative procedure is performed:
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Estimation of Linear Plant Parameters

3. Generalized Least Square Method

step 1. 1
N N
0, =(ZXHX£] > wX,
n=0 n=0
step 2.
vn - Wn _9]{7Xn
step 3.

v =dyv ,+dy ,+..+dv _ +z
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3. Generalized Least Square Method
_dl_ _vn—l_

By denoting ¢ = atz V= V”:‘Z we can write equivalently:

dr _vn*”_

—_OT
v =Q'v +z
N

N N -
Q, - ngnZ(v —Q'5f =, = (Zvnvjj S,

which gives us values of parameters of polynomial D.
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3. Generalized Least Square Method
step 4. e

step 5.

GOTO 2
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Recursive Algorithms

N !N
_ T
QN_ ZXan zxnwn
n=1 n=1

a new measurement x,,,, wy,, comes in.

Update algorithm:
Oy, =y (0N9XN+]9WN+])

N+1 ey i N
Oy = ZX X ZX Wp = ZX X X yi Xy anwn T XN Whss

n=1
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Useful Transformations:
(A+BD'C)' =A"'-A"'B(D+CA'B)'CA"

B=x —column vector

D'=1

C=x’

(A +xx’ )_1 Al - A‘lx(l + XTA_IX)_IXTA_l
D'=-1

.
(A+axxT )_1 =A" —A_lx(l+xTA_1xj x A
a
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Recursive Algorithms

T
X X
— _ N+ N+
PN+1 - PN PN 1 T P PN
+ Xy v Xy

We can rewrite previous equation as:
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Recursive Algorithms

N
X X
N+1N+1 _
Opii = LP - Py ][Z X,w,+ XN+1WN+IJ =
n

Y1+ XN+1P X1

T

P, XN+1XN+1 N Z PNXN+1XN+1PNXN+1WN+1 _
n n T

1+x N+1P Xy n=l 1+x,, P X,y

= NZXan + Py Xy Wy —

T
N
_ ZX PyX Wy + PyXoy  Wa X BX o = ByXoy o Wy Xy Xy = BX oy Xy, Z X Wn
=y
1+ N+1P XN+1
N
_ ZX NXN W T PXN+1XN+1 NZ XV
=P, =
1+ N+1P XN+1
_ T
=0y + Ky, (WN+1 - XN+10N)
P,x
. N+1
where: K, =
N+1P XN+1
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Recursive Algorithms

Taking everything together, we obtain the on-line identification algorithm

_ T
Oy, =0y +K,.,, (WN+1 - XN+10N)

_ PyX .
KN+1 - 1 T P
+XN+1 NXN+1
Px. x- P
— NA*N+I*N+1T N
PN+1 PN B 1 T P
T Xy d v Xy
i HUMAN CAPITAL o Pt
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1. Including previous measurements with weights
N

0y > minY B, (w, -07x, ]
n=1

How to choose values of 8,7
e When n is small g should be also small (close to zero).
* When nislarge £ should be also large (close to V).
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Time-Variant Plants — Parameters Change With Time

p,=a"", a c(%.1)

Optimization problem: N
Oy aminZaN_"(wn —QTxn)Z

n=1

Solution:

N 1N
_ N-n T N-n
Oy = Za X, X, Za X, W,
n=1 n=1
N+1 “INys
_ N+1I-n T N+1I-n _
Oy, = Za X, X, Za X, W, =
n=1 n=1

N N
_ N-n T T N-n
- (Zza XuXn +XNJrIXNJrl (Zza XuWy +XN+1WN+]

n=1 n=1
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Taking everything together, we obtain the identification algorithm

_ T
Oy =0y +Ky, (WN+1 - XN+1‘9N)

K — PNXN+1
N+1 T
a+xXy, PyXy,,
T
p = l(P ~ BXyaXyaly j
N+1 N 1 T P
a + Xy v Xy
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Shifting window

We use only M last measurements for identification. After getting new
measurement, the last one is thrown out.

QN +M M

Ovowsims  add measurement x, . W

Onert s reject measurement x,, w,
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Shifting window

Optimization problem: Nl
On vt —)mln Z (w ~-0"x )Z

n=N

|dentification algorithm:

N+M N+M
Onivm = anxn ZX
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Shifting window

step 1.
p N+M+1 . _1N+M+]
9N+M+I,M+]: ZXan ZXan (add XN+M+1 ) WN+M+1 )
n=N n=N
step 2.
(N+ZM:+1 J N+ZM:+1
Ovirteim = X,X Xy Wy reject x
i =N+1 n=N+1 ( J N7 WN)
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Shifting window

N+M -1
Let Py = [ anxn j
step 1.

N+M+1 -1
Py = anxn

Unvaareovsr =Onvirr + K N+M+I,M+](WN+M+] - XN+M+1‘9N+M,M)

P N+M MEN+M+1

KN+M+1,M+1 = ] T P
T X Nems AN M EN+M 41

T
P N+M M XN+ 1% Nem D N+M M

PN+M+1,M+] = PN+M,M - 7 T p
+ XN N+ M M X NM 41
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Shifting window

step 2.

T
N+M+1,M (WN o XN9N+M+1,M+1 )

K

9N+M+1,M - 0N+M,M+1 -

K _ PN+M+1,M+1XN
N+M+1M — 1 TP
— Xy N+M+1,M+1XN

T
XyXy p

N+M+1,M+1

PN+M+1,M = PN+M+1,M+1 + PN+M+1,M+1 1 Tp
— XNy w1 XN
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Thank you for attention
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