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ITIRNPIRICATION 1M THE PLESENCE OF DRIFT

{la.Banyasz

ABSTRACT
In this report the influence of drift of different iypes and mag-.
nitude on the ML and IS identification is examined.The drift ef-
feete are simulated, afier identifying the results are analysed.
It can be geen from the resulis that the presence of érift'ﬁem
pending on the magnitude and $ype ol it can have 2 signifiéant
influence on the parameier estimates, This means thal i$ is nec-
essary to analyse the measurements before the identification,in
many cases more exact demands have to be created on the measuring

conditions or prefiliering strategies must be applied.
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1. INTRODUCELION

During the identification from industrial data the problem appears
usually whether the measurements correspond to the real values of
signals or not,fulfil the requireﬂents of the identification methodsa,
otherwise what is the influvence of inadequate data for thg estimg-
Tion.
Starting from thessideas the problem was approached in the follow-
ing way: the input signals were PRBS and the output signals of the
proceés were computed by simulation ( supposing correlated noise
at the output). Then different types of modificationé.were perfor-
med on the output dats and after the identification of the inpui~
end the modified values of oubput it was possible to draw éome
conclusions about the influence of drift of different eharscter
and magaitude ont the identification.
We use the term drift in a very extended meaning,i.e.the following
cages were considered:

1./ The values of oubput were c¢hanged in one or several pointe

2./ A constent level was added to the values of output

5;/ 4 level echanging 11&&&?1? was added to the values of output
‘4./ A sinusoidal signel was added to the output.
The cmges 1./'and 2./ are used am typical s&%uations for industri-

el measureuents and our aim is to examine the influence of the
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se is generaliy considered as a typicsel drift effect.

siiuntion 2sn appesr in nractlcee in Lthe case of super—

posefd sipnals.
In this paper we restriet ourselves %o the examinstion of influ-

ence of drift in the ocubtput since we have used the off-line moxi-

mum likelihood method (M%) [1)] for ihe identification and <he in-

by

put signal TPRES was given to the process by us., In the Pirst sien

snis methed produces the least-sguarcs {LS) ezbimates of process

parsmelers so we can compare them with the ML oves Ffor the differ—

ent types of the drift effectas. {I used the M7 idehiification
progroa in the program library of UNIVAS 1108 made hy I.Gustavssor
(2.

The simulstion model was the Tollowing:

D"

-1 .
Tt} = EgﬁzT% ult) +A‘£§E:f% e(t) + kﬁég(t}
Az Al=

Bee Mg, 1.

e{t) vit)

Ciz-1)
P} m————— k‘ﬁy

A(z“‘)

eft}

utt) o B(z-!) Yolt) yit) Yt -
Alzh

Fig.l. Structure for the similation model




irst we compuited the values y(1) and after this wodified tlhem.
he notations on the Fig.l. are:

o !

A(z”) 1 4 ajm‘” a1 o RS R

1]

- . -1 -2
Bz 1} - biz by bgz . 1.02 0.5z {1)
“'1 ""1 . -3 “i i ~ "2
g{z"') =1 + e,z + ey o= 1 - 1.0z + 0.0z
e(t) -~ vwhite noise, (0, A) ; A= C.4
@y ~  the sianderd deviation of y{t)
g(t) ~ means the time function of drift of different bypes

{ in the 1°° case {t) is a sequence of impulse funcbions

A & . .
in the 2 case ¢(t) is a step funciion

in the 3 oase @(t) s & linear functis
., th . . . R
in the 4 case 3{%) is a sinusoidal function),

k - is a relative number i the value of kﬁ% characterizes

the amplitude of W{t).(ln the 3Td cage kf%_means the slope

of the linear function ).

The number of samples was K = 500,
Yhe results obtained by identification for the cage without drifi
carn be seen in Table I. and the time Functions of the input,ocustput,

nodel outpui, model error, regidusl are shown on Fig.2,
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PvRLues ) \
3 ~1,5 -1, 249 i 1500 }
5 0.7 0. 657 0,702 5
; | o teom @ 1,024
) i 0.5 0.52% % 0L AT
. ; -1o 0 SR
. ;0.2 o i 0,268
) f 0.4 | 0.55% 0.391
&)y - | 76,144 L 38,146
0.6 ~ -
G, 4.5 4 - g .
ax 10.7 - ; -
Yo | 71246 S

H=500

ftable T, Estimations from the dats without drift.
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wriag the simo ation of &hils 51 tuation we changed one o mors oubrLl

valves in the foliowing way:

o X

f o

= owit) 4 (‘(’3:‘3"'\‘%} Lo

.
e

H
i

i

where now’?{t} is an impulise funection geries,i.e.
] if % = 25,75,125,..,475. [or =250 )

¢ otherwise

yit}

" Fig.3. Measurament ervors y{t)

&

9 ) 7% 125 s t

fhe identification was periormed from The input and the modified
outpnt values, The ¥L esTimates obbtained in ithis way are shown in
the Tahle IT. together ¥ith the least-squares egitimates, It can be
seen from Table [I. that the est;mates af a,, bi are reasonably good
but the estimates of ¢, are increagingly worse if the k is incren.
sing and the vslues of 6i tend to the values of the corresponding
ﬁi when the number of the changed points ie 1 and 10,a8 well,

“he reagon FTor this can be ssen easily because in this case the
neise by she side of the sigasal ﬁa&?(t) appearing in discrefe time

poinis {or only ia one point) at the output ig negligible and this

aituasion can be identified only by such an identification model in

which C{z"1\ = A{z“1) . (See Pig.d.)}

’




k*}y“y‘(t)

B G |l Yerf!

Az

i

ig.4. Resulting model structure, C(zﬂl)sé(zwl), when measturement errors

on data

it can also he seen Trom Tahle L1. tha these shnzenents are noh val-

i@ for the ieast-gguares egtimation Laeanse reaulsing from the NE -

“haviour of 1S method it tries %o smooth over the high jumpings in

the outpui S0 the L4 estimates ot £ and bi are alsc spoiled,

Thege egtablishmenis oAl slso be ouserved on (e time Tunciions

on Pigs.%. and b« hotk for the ML and 13 estimations.
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i1,

SOSTANT LIOVEL OF Tl osoepge

LY Y £
yq{t} = v{t) 4 ;O“ry(t) (%)
b Y
whers now fg(t) is a unis step signal.See Pig.7.
Y(t)

Fig.7. Disturbance y{t}

[

“The identified values of parameters can be seen in Table T1X. for
“different values of k., It is striking that the increasing value of
o . A 4 . "
k has the biggest influence for i, and ¢, LAnalysing the resulits
o A A .
we can establish that the values of 8458, Aare formed in such way
4 1 A A i) -
that the sum 1+a1+a2 tends to 0, the values of Ci and the roo%s of
. Ay =1 . . .
the polynomial C(z } are in Flgs.Bﬁlané 8./b for differeni values

of & where the roois sesem to be moving to a ceriain point.

L3 b
al ¢, b) Tien
! k=5 5]
x k=t
Ke0.2 x k=1x ® k=02
| , N TRUE
v 3 T > f 55 @ :
- bog -1 i Re
F4
x
A ?:__j

Fig.8, a)Estimates of El and 32 for different values of k

A
. b)Estimates of the roots of C(z l) for different values of k
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1 - i N

Satn without drigt 02 k=10
3 % Mi, ?m i %— ML { i3 % KT, LS ; K. ;
| o E
1,449 %m1,502 ;m1.454 ? 14094 -1,507 0 =1,486 1 ~1.442 1,338 -
0,653 | 0.702 | 0.645 ' 0.636 © 0,609 | 0,506 0,454 , 0,403
1011 1,024 1,024 | 1,021 1,054 C.028 1,029 1 1,039
0.52% % 0475 . 0.523 ; 0,499 ; 0,473 . 0.557 | 0.511 E 0.639
o ih1;014 | o % ~0.587 . 0 Loo0125 L 0 10,014
o 0268 0 % 0.371 0 | 0,453 f 0 é 0.241
0.55%2 ' 0.391 . 0,581 % 0,506 %0.845 ; 0.774 ; 1,512% 1.469
- 76,140 %35.1fféﬂ%8&.487 163,978 |167.76 | 149.85 | 571.69 539,50
. 0.6 | 1.54 | 5T 1 25,34
. 4.54 | 4.54 | 4.54 § £.54
- 0.es F 1159 S saee % 35,59 |
i 12,59 e % -8.04 i 10,14 g
| - i j

in order to interpret this effect we have examined some different

Canes.

3.1

First let us consider a simple case when the process model isi

v (8) = c(s") e(t) + 18 (%) | (4)
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nich is identified by the models

y (8) = 6(z ) e (1) (5)

were it is assumed that e(t} is white noinse.

1 -
£08) = gy V¥ = gy (o ') (%) + 18 p(5) =
N , ()
{ = i ; (e
R e(t) + AT w6 (1)

‘Let us write down the loss funetion for a first order sysiem:

-1 \
-y 1 (14ez )  {14ez) iz _ 2 .2
P o= B ﬁ\t)}rzb‘“’r ~ e ¥ G =
{ P (b)) (1adn) ()2 Y
" (7)
2 A
JodrelmPec o 2g? 1
1 - 87 T (148)°
The neceasary condition for the extrermm is:
Op  2e(1-8°) - (1rc-2ed) (<28) _ _2k°65 S
2% (1-6%)? (148)°

Exact analytical solution can not be given because of the complexity

of this egquation. Two specinl cases are examined, k=0 and k-—ee .

Tnn the case of k=0 we have

(9

vl L (14 c%) w0 =0 (10)
it & 4
Solutions of (10) are &=¢ , & =-§ where the first one is admissible

for the stable system in case without drift.
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e case O kK-see the equality

<1+r\\3 4

ve fulfilled and this is possible only in ithe case wnen Gesse

ander the restrictions of sLlability &= 1. (Duping the identifi-

- - A hiad
+ion the ML method allows only stable polymomiznl {2 1) )
- con 2 e olia . IE
e solution e=1 can slsoe be obiained from (8) becanse if ——— = 0
s 95
¢

fulfilled then we can write thab:

L2 L2

pe1-87)=(1rc2a2ed) (28 7F Oy
— = T (12)

(1-87)% (1+8)3

3 . : A
For k-seo this can be true only when o=1.

Bow let us consider a second order system for thie simple model.
Then the loass fanctlon ist

; (1+c1z¢1+c22"2)(‘1+012+0?zz) iz G2

R P . ; — O
£ £, t}} ?ﬁa (1+c e s }(1+g 4G 22) z ¥ (148 +¢ )2
i 2 1 2 172
/ 2] A . & w mﬁ mﬂ2 22 (?3)
) \1+c1+c2)(1+c ) 231c1(1+c ) 2e, c Cpmen) E,Gi.
(1uc ) ((140 )2 %) (1+31+82)2
Eguating the derivatives to mero we get the following equations:
AP
dq,
aAz
) { -Je (1+c )+402 1}[(1“0 )({1+C ) q)]
{(1wr }[(14c y2.82 1
[(1+c 1o )(1+cﬁ) 20101(§+c Yem ?Cr(c ~8 - )][ 28 (1wc )}
- 2 2
i(1 e, [(1+cﬂ) 1]}
2 ? '
2k" @ 14
P A W
(?+31+c )
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2
28,

[f1+a.+c§)w202—402323[(1u32)((1+32)2~31] )

2
i
{8 ) [ (14843}
2
1

> 2 ” 2 o Y- A
[(1+c +c2)(1+32)§20101{1+02)+202(3}f§?-82XM~(i+02) +2(1~82)(1+c2)]
A A2 a2}
{{1u02)[(1Tc2 “Gi}}

21 G2 (15)
- o

A 3
(?TC§702)

Shese are complicated functions of 31 and 32 and can not be handled
gnalytically.

Bxamining the case k- the equality

et = O (16)

nust be Pulfilled,(this ie valid both for (14) end (15) ) which is
true only it 31 and 32 ~psa ., But under the stability conditions the

i .
admissible domain for ¢,,C, can be seen on Fig.d. (striped domain)

& A ’
go only the values 6132 5 czz? are attainable as a maximum,

On the other hend this solution makes it possible to fulfil the

R
gondltions €§%-:ﬂ and “é;%“ = 0 in the case of kews ;i.e.
2

the first term of (14) and (15) is made inTfinite.

. I -
This solution concerning the reots of the polynomial C(a 1) means

x

a double root on the z-plane in the'point -l




16.

Fig.,9. Admissible region for él

and 85 (striped domain)

-3

The parameter valﬁes obtained by the simulation and identification
of model (4) can be seen in Table III./a for second order sysiem,
The chanéing of 31 and 32 and the roots of 3(2“1) are alsoc repre-
sented Tor different k on Fig.10. and these figures are similar to

Fig.8Jaand Fig.8./b.

Pora-~ frue ML
meters vyalues =1 5
a.,i 0 - —
a?_ O - o
b, 07 - 1 -
b, o - | -
O ~1.0 ~0.218 0,657
13 .
. 0.2 L 0.513 L 0.622
2 { % .
A ! 0.4 | 0.700 b 1571
|
¥8) . - | 124.786 | 619.113
y 0.008 0.568 2.814
%" coe Oo563 0«553 ; 60563
J - i
! : :
Yo b= 2.23% 4,47
Ymin | - P -1.25 ! 0.98

Pable I71,/a. ¥=500
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" A
al 152 ' bt Im
i ji
keix| xkuB k=5 K]
TRUE
$IRUE 1 » o et - —— b

-1 1 £ -1 ! Re

A ot

Fig.l0. a) Estimates of 31 anc 52 for different values of k
b) Estimates of the roots of 5{2”1) for different values of k

But on the basis of previous exXaminations wecan not conclude that
ihege stotements are also valid for the general cage because the

model (4) does not include the parameters a,.

3.3
Let 28 consider the Following model:
¢
7, (t) = L—-)--»e(*s) + k6 (1) - (17)
A(z

which is identified by the model:

i (18)
Then
A, el -1 AL L
g 3 = R(Z\ ) 5(2’ ) e 'g 4 __.{‘L___)__
(v) 2oy alaT) (t) Yol kG p(s) (19)

and assuming that e{t) is white noise the loss funcyvion Tor a First

order system is:

;E{g (t Qﬁj é; (1+32:z)(1+izhz)(1+gz)(1+cz) az
{(1+az™ J(i+ez™ Y(1raz)(14+02) =
X Gy{1+§)2

(1+8)7




1 '7"3

F3
al Te, b}  Tim
14 i+
k l « k-—5 k"—'5 x X k:t
=1 xR -
TRUE
?TRUE + » ——p——t &t
-1 1 2 -1 1 Re

14 H]'u_

¥ig.1l0. a) Estimates of 81 and 52 for different values of k

b) Estimates of the roots of 6<z”1> for different values of k

But on the bhasis of previous examinations wecan not conclude that
thege statemenis are slso valid for the general case because the

model {4) does not include the paramebers CH

3.3

Let us consider the following model:

H zni ;
ra(t) = ~—§’}(-—;§~ o(5) + x&_p () oG

which ig identified by the model:

y(6) = S s

i (18)
Then
g ; - JE(Z __) ﬁ(z ) e + A(Z ? 6_
T ae T Ty S T "

and assuming that e{t) iz white noise the loss function for s first

order system is:

F:E{Eg(t}}z L (?¢22“1)(1+czm$)(1+§z){1$cz) dz
2 3 P axn -
W7 (rrag Y (14857 ) (14an) (1482) 2
3 Ll L5
76 S (144)°

;Y'

+
(1+8)2




183

o b
(1+g?+2§c+c?+§?cg)(?+3292)—2(a+3)(§+Q)(1+§c)+2§c(a2+2a3+3L~a3mazg?)
(1-ad)(1+a°E%-a"-87)
f 'f‘s 2 7
s 1Tm! kQB"- (20)

{1+3}2 ¥

Rewriting the eguaiion (20} so tnat the numerator of the first fterm

is marked by if, the denominator by D, i.e.

W (18 22 ‘ (21)
D (1+3)2 7

we con write the necessary conditiens for the Serivatives:

F o=

It )
ap FAD-N Dy o 2(1+8) P EY L

- ; = 0 (22)
da p? (148)2 ¥
2 r Hg D ~ T Dy 2(148)° 2 G2 .
dJE = 2 - s Ko, =0 (222)
D {148}

wherse ﬁé arnd Dé rean the derivaitives wifh respect o & of numerator
‘and denominator,ﬂé s Dé the derivatives of H and D with respect to 8.
These equations are so complicated functions of & and & that they

can not be handled analytically.

Tet ns take the case Ib-ses HNow there ave {wo possibilities for sai-
isfying equatiocas (22),(22a) for kesor . One of them is that H=-1,

the other one is that g;i § this latter is egqual to the previous

one obtained for first order system taking account only stable go-
lutionsa,

Examining the two terms of equations (22),(22a) the following

equélities sust he fulfilled:

RDy~NgD 2{1+4) 2 g2
> = o F 0y (23)
D {(1+c)
and
1
NgP-NDE 2(14+8)7 22 (o0)
(S
° (1+8)° ¥

from which we gei that D must be O if keaso ,




Jeiting D oin detail:

(1—a3}(1+a232=32_22) =0

After regrranging we getb:

(1-20)(1-2°}(1-8%) = 0

194'

(25)

(26)

The golution 3;—1 mist be excluded because this value would make the

right sides of equations {23),(24) infioite even in the case of a small

. A A
k. From the solutions c¢=1, <= 5

the solution 8=1 is admissible taking

pecount only stable solutions and this is justified by simulation,toc.

See Table III./b , Table I1Il./c. and Figs: 11.,12. At the same time

this value minimizes the right side termz of equations (23),(24),

Parg- True jran
meters | values k=0, 2 =10 ¥=5,0
By w0, 6 0,926 . 0,997 =1,.,Q00
b1 _ 0 o . . -
(31 “'005 "01792 “‘0@89? “'0-?58
G.4 0.395 0,399 0.424
v(8) - 39,152 39,981 £5.103
¥ 0:,05 0.127 0,446 2,039
Gy 0. 39 0,398 0.398 0.398
Y e - 1.395 1,714 34307
ymiﬂ - «1,202 -0, 883 0,709
Table I1I./b. ¥=500
al fa bl - fe
1" ’ !‘P
T T I L
& TRUE & TRUE
ke o
I8 X x RES

Fig.1l. a) Estimates of a for different values of k
b) Estimates of ¢ for different values of k
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- - - —
Prras Jene Fe1,
o Lers veiues L T T
. ' e K=Tp .t . =%, 0 i
a, 0.5 ~1.0005% -1 ODDAE
H L-"i i - —
L,{ -5 i) HBR% -0, B5nF
A (.4 0. 605 0,678
= ’%\
(e} - a1, 64% 115, 144
; ¥ 0,012 0,600 2,057
G, 0.58 0.58 0.55 l
Y ~ 2,227 578 :
Yo .22 4,578 ?
] 3
R - 1,230 L 11¢ ‘
Yin @3 1.119 i
Tablie I1I./c. H=550
al Aﬁ bl “c
14 1
o TRUE
—p—— e e + + } . 4 »
1 5 k ] 5 kK
& TRUE
b4
9 1 A x 4%

Fig.12. a) Estimates of a for different values of k

b) Estimates of 8 for different valves of k

But these stalemenis may ¢till net be wrue in genersl case.
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3.4,
ﬁow let us consider the general case and iry o develop the ides.
The simulation model:
v (1) = m%-(*{—:‘)— u(t) + -,.CL%;.)... e(t) + ¥ G p(t) (27)
Alz"") alz" ) y

The identification model 4im:

AL I
y (1) = Bl ugey o Ll ) g

4 A & rLJ‘
™ A(ZMT) ﬁ(zﬂi) 28
Then
I S T -1 A, -1
, Az ) B(z } ~ Alzm ) B{z ') Ale ) oz ) .
£(: = A, (t) 2 1
(+) A(a 1) 8(n ) M B o
-mgzﬂ ~k % _al(s)
Ty T ( 29)

The loss funchion -van be wribien easily Tor first order system
{assuming that u{t) is white noise; for TableAIII. u{t) was PRBS)
but this simple caée would not give new resulﬁs. For higher order
'system, however, the relations would become too difficult. But it
cory be pursued thet writing down the loss funcifon and derivéting it
~with respect to Ei 5 gi we get the following terms next to ki

A & - 2
2(1+a1+ vas +&n)ggr

2 (30)
w —— a A 2

Q&i (1+01+ ves -fcn)

g 2(1"1‘314* see ‘?3 )QG? .

HE P m (31)
i ("H—c‘i-:- P 'i’C‘-n)

&
{The derivetives with respect to b, do not coniain k.)
In the case k~»= the condltions are similar Yo the previous ones,
1.6,
'i+£‘: + ess % = (3?)
1 n o

Fad
and valves of ¢, are unconcerned.
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Writing dowvm the 1055 function symbolically on the basis of (29)

& EN A £ 2 2 2
o i (al,bl,a ,c } X _Hg(ai’ci’di’ci) . (1+a1+a,,+an) k Q?y
o ' & - LA z
D1(ai,ci) _ﬂ?(ai,ci) (1+c1+‘$,vcn)
(53)
and derivating it:
Hia D, - H, D! A 2
! 28, ., Hotese ¥
or Hfa b, - ¥, Diéi_ , By 2 2 2%1 . 2(1+ +an)k%;y
2 B D2 DQ (1+c toeutC )2
i .1 2 .‘i oz n
(34)
Hln D, =B, Dia i D }) A
QSF L . 2b, 28) . (35)
a5, 2 2
i D1 Dz
' - ] ; ' - t
o Me Do Pig, Mha, Ppm Mo Pag o 2(1dend )G
ey ‘ﬁf . né (1+c"1+,.,a~cﬁ)3

(36)

We can see that the product D1DQ muat be equal to O in order %o

satisfy the necessary conﬁiﬁions for derivatives in the case of kKesoz,

€. .
This means for (34) and (36) that either D, or D, must be O but

. b s A A -
thege are also complicated fun0ulon$ of ¢y and a; 50 we cem not gei

the exaci values ofﬁc at*the given values a, . {(Remark: D, and D

1 2
depend only on a3, and ci‘) But eitber D1 or D2 is 0 then the equation

(35)is not fulfilled so the estimates of b, become unacceptable.
The simulation results showed in Table 11I1,/d,I11./e,I11./f and
Figs.1%,14,15, verify the facis mentioned above,

Summarizing we can say that if an undesirable constant level is in

the output values y{t) the gi will be performed on such way that

" the sum (1+§1+...4§n) tends to 0, the estimates of c, depend on a,

_but their values czn not be expressed exactly from the equations.

Naturally the smaller k,the less the influence.
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The time funciions Tor the case in Table III,,for k=1 are shown
on Fig.16. where the form of residuals is significantly different

from the usual one.

} Para “rue % k=1.,0 : k=5, !
é meters values ;' s z ML ' 1S VT,

; ; o, - .
b e, ~1.0 ~0.878 | =0.978 | =1.007 f' ~0.927

3 B, % 0.2 E ~0.015 0,089  0.022 . ~0,056

© b, 1.0 1,093 1,041 1.014  1.033

5 b, 1 0.5 | 0,604 © 0.534 - 0.457  0.586
e é w0 Lo o251 0 0.091 g
; e, é 0.2 | 0 . 033520 0,155 ]
2 % o | o.656 ' 0.626 0,965 0,944
v(8) - %10?=477 9m.e3e 31,772 203024
- | 0,63 ¥ 3,375 | 14.367 %
G, PR g 2,745 é 2,745 f
T - 9,801 | 20,784 |
fymin - | -3,141 ; T.842
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F:
a} &, b} ! a,
1+ 1
LS ML
TRUE
-7\; Z{TRUF:_“‘Lﬁ e 2 ks . .
k:S : = 1 CI| - "‘-‘S\k:S i ﬁ‘
RS AN
~ ™

c) ¢ g} I
14 ]
x k=1
TRUE x k=) k=5 x
@ ® k=5 TRUE
} —— SR WP~ e B
~1 1 € -1 1 Re

i it

2 A
Fig.13, a} Estimates of ay and a, using the LS method and for different k
b) Estimates of 21 and Q? using the ML method and for different k
¢) Estimates of él and 32 for different k

d) Estimates of the rcots of é(zml) for different k
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Para % True k=1,0 i k=5.0
meters | values LS . - ‘ .LS ; M,
- : ; _ | .
a, . ~0.4  -0.254 ~0.95%  -D.503 | -1.864
a,, -0.4 | -0.642 0,022 * -0.481 é 0.864
by L 1.0 1.0%2 1,051 1,005 0,995
b ' o5 0,634 20,107 0,372 1 0,995
e, =1.0 0 ~0,906 0 E -1.%96
¢ . 02 0 0.58% 0 ? 0. 491
! 0.4 0.604 0.551 © 0.841 0,788 |
: | : : :
v(8) L. 9259 75,673 % 176,744 155.432. |
5 063 | 265 o
Gy bo2.01 : 2,02 2,02
7V R .55 | 15.62 2
%ymin - ; ~2465 542 é
‘Pable TII./e. =500
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& &
i) 4, bl 4,
1l : .5 1
LS T ka2 J[ ML
"
—‘-‘-lﬁ'.?""""*—‘*—“”"_‘""‘—‘"'"'i"’ g”‘::%k“z}‘“"—' “*_"_'_'_"A"‘—_b
-1~ JRUE Lg - IRUE L
k=5 ‘5".@ ."“?‘ !
x k=1 I
~T4 JRPA
.. ™
& P35
el g di |im
1 i+
k=5x ~ k=1 x ke
& TRUE k=8 pur
! tog 1 T Re
x
-1t Hj"'

Fig.1l4. a) Bstimates of étl and ;2 using the LS method and for different k
b} Estimates of 51 and 32 using the ML method and for different k
¢) Estimates of él and 32 for different k
d) Fstimates of the roots of g(zwl) for different k




A e 2w 2o 8 4 Al R e

S : ; 7 |
3 ‘ ig ! !
' para [ True k=1,0 =5, 0 ;
| meters | values; g e R o
i I ; ¥ % 3 i ‘
e ] o |
e, bo1,5 | -0.083 % -0,179 © ~0.161 - =0,237
; % ! :
boa, P07 | ~0.786 | =D.819 [ -0.834 ~0,763
b, . 1.0 0.923 |- 0,841 i 0,872 0.794 :
b‘:’ j 045 % "00984 [ “)9896 ‘ ""1308? . “01{391 ‘l
e, & ~1.0 1 0 ~1.308 © 0 i ~0.604 j
? ; | | :
L, O A Y 0,676 1 0 | 0.424 ;
i : ) ; ¢ !
1 ] H . 3 ‘
LA 0.4 | 2,042 | 0.963 ! 2.240 bo1.714 ;
P 1 ; - j
70 - NOA2.T3T 1232,241 31253.847 ¢ 136,554 i
: . i_.__,_,._‘._‘-k._-.._._,‘__ N i‘. T .._...-“.,,.;,,.4-_,-_'__“;
by 0,04 - 2.93 '? 14,501 !
| ; . ; , :
i . 24 84 i 2@89 i 2e 89 i
;;' E‘y ) o 1 E E
; ¥ i‘ —_ 99 98 i 21 955 ‘
R 133= W i ; I
Ly b 4,49 l 7.07 i
£ min 1 !
5 ‘ i
i~ :
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peble 1T11./f,

N=500
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A
a N
} Tcl b} 4,
o 41
LS
TRUE & ML TRUE @
e [ L 3 o
-1 Iog -1 I
i
k=1 k=5
% .
k=5 1 k=1 x___l
- A
c} }52 o} Im
13 1
x k=1 k=D
x k=5 N % k=t
@ TRUE TRUE
— 3 » —
~1 g ] I Re
« *
14 ..

Fig.15. a) Bstimates of &, and a, using the LS wethod and for different k
-
b} Estimates of 81 and Cy using the ML method and for different k
¢} Estimates of gl and 32 for different k

=% -
d) Estimates of the roots of Clz 1) for different k
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. !‘ N r \ s .
y () = 5(8) + (1) i B ple e (0 s kG i) ()

m*

N uor 5 . 3 Y - =) e B - -
i.e. the slope of the line was deterainea nz o funelion gf(ﬁg o

v,

after ¥ samples there is o k@} defaraasict. of ibe wvalue M.

Fig.17. Disturbance y{t)

The identitication results are shown in Tahle IV. The estimates are
getting worse for increasing ¥.The tendency in the moving of esili-
A

saies ¢, for different values of k ig giwilar to the cage of con-
y ; , fe

stant arift.{See Fig.18.)

okt
k=t with T
boh2  prefiltering 1
; ° ‘%Uf-r — Fig.18. The estimates of the roots of C{z )
- e
x 7 with and without prefiltering

A simple strategy can be offered for the improveseny off he e itiae
tion.

Let us Fit a line to the outpuid values and estimalte the siepe of 1¥
snéd the constant term, i.e.

. .
y (8) =k 4y {38)
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Insreducing the following vectors:
() = {1, ] (59)

= [ke s k1]

y(1)
L= |
y ()
) A (40}
(1)
Bl
z(x)
the well-knovm leastesquares estimation for k is:
A . e
5:(;Tg)il_jz.:§1zi (41)
where )
© W o _
G :Z’ £(e) £ (%) {42)
=1
i ' s
W o= fit) yit 4
w Z; £(5) y(3) (43)
Writing it in detail:
ézi 1 %i » N _N(H+1)
. o 2
= i=
=" ? i (44)
B i (Ore1)
4 42 TN+ w(g+1)(2i+1)
2. 2 6
Et$1 t:‘] .J . =
- -
L AN BH+2 . _ 6iH+1)
H(87w1) W(1%~1)
-} :
G o= {45)
- _ 6(N+1) 12
i N(H2~1) ' H{N2~1)




32

W= . {a6)

nence the estimates of parameters of the ling are vhe Tollowings:

A % L TR
S i T I
°  y(ne1) vl g -1) b=
X 5
p L 12
w,o= _*Egriim_ 2: y(t) + e 5 y() (15)
UCESDINE L (-1} =

A A
The values k sk, can be estimated easily and their standard devia-

Liong are proportional %o the diagonal elements of matrix §T1.
AT ter es*imating e parameters k ,k1 the following Filtering
siratepy can be applied before the identificationt

2 P A
yo(e) =y (%) 5, = kgt (49)

' . : R . P
thon performing the identification Trom the values wlt),y (%) there
e 1 " . Y A
arve a significent improvement 1in the estimates, mostly 1n a, and
are also shown in Table IV.

the Figs.19.,20. represent the sime functions for the case without

prefiltering and with prefiltering, respectkively.




’ . | estimations from |

15 ) ) . '

Pirzs valnes | ABba withous .
T Vo .

neers YREEEE Arifi

=0, 2 k=1.0 =1.0
iwith prefiltering

Do m s L s ML I8
. f . % ? é ; -
ay =15 1=1.449 -1.502 <1451 0 -1.497 [-1.480 | 10489 | -1.452 | 1500
. ; 0.7 % 0,653 % 0,702 E 0.649 é 0.694 ; 0.630 | 0.644% 0,656 é 0.703
b 1.0 %-ﬁao11 ' 1.024 1 1,018 | 12019 f 1.028 i 1‘019§ 0.999 ° 0.998
i ) i : i ¢ .
by 5 0.5 | 0.523 % 0,473 i 0,527 i 0.490 i 0.501 § 0.526E 0.509 : 0.469
€y % ~1.0 % 0 ;“1,014 ; 0 ! 0,735 g O % —0.2?3% 0 E ~0,75%
¢, % 0.2 E o ; 0,268 % 0 ; 0,537 : o 5 6,4605 0 i 0.365
A o (% 0.552 1 0,391 | 0,563 ; 0,461 | 0,707 1 0.652 - 0.566 | 0.464
7(8) ; - 760144 38,146 | 79.200 | 53.056 125,11 110635 | 80,207 | 53.923
T N O S O 0
“ : ’- e i
&y ? #5415 | 4.55 ; 4.73 f 4.3
Frna 10,68 3 10,68 ; 11.07 E 13.36 ? 15,356
?min ?12.58 E ~12.58 P 12,34 % ~11.41 E ~11,41
Mm& H=500
Ky = 05637 §1 . 5,153
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5. S5THUSOIDAL DRITE

Phe simulaiion was performed according to the equation:

;,-fm(t)‘ =y{t) + X9 sinwi = v{t) + k qu\(t {50}

D

where

2
@

=
and T means the number of samplings during a total sinusoidal
period,

The identification results are represented in Table V. It ean be
established Trom the Table V., that thé results are gimilar to the

N
case 2.,3, for large values of T. The roois of the polynomial a{a 1)

are shown on Figs. 21.,22,

WReE Fig.2l, Estimates of the roots of C(Zhl},T=10

Im
172500 } et
x k=02
TAUE :
3 s Fig.22, Estimates of the roots of C{z—l),T=500

For small values of T the estimates are much worse.
mhe time functions for k=1, ©=10 are shown on Fig.23.,, for k=1, T=500

on #ig.24.
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£.3UMMARY AUD CORIIUSIONS

>

On the basis of these examinations 1t can be said that the drift of
different charscter and magnitude can have signifilcant influence on
the identification results, Thorough knowledge of the process and

technology can help ug to form an opinion of existence and char-

acter of drift but in spite of this it is worth examining the data,

Flrst of all I suggest to perform a linear regression for the output
signal and if it is necegsary toe filter the data according to the
equation (49). Afier identifying the parameters and plotting the
i .
time functions the bad projeciing messurements are noiicable imme-~
diately in the time funciion of residvals and in this case the esti-
A . '
mates c, are unreliable.
The influence of constant drift arises in a complicated way in the
* 1, L] 4o n A'
egtimates. It can be recognized by that the zum 1+a1+‘,,+an tends
' Lo . . & A
to 0. But in this case the esitimates ¢, and often bi,toosare unreli-

able, Perhaps a prefiltering would be effectlve In this situation,too.

Referring to tﬁe élimination of the influence of drift more exact
demands can be created on the meaéuring conditions or in some ecases
filtering strategies canlbe carried out,

The purpose of thisg paper was not to work out thesé filtering methods,

only to examine the influences of drifts of different types and to

interpret the reason of that physically.
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