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Using adaptive filters in controlling of electrical
resistance furnace temperature based on a real
time identification method

Panoiu Caius and Panoiu Manuela
Polytechnical University of Timisoara
Romania

1. Introduction

The slow processes are characterized by approximate models, having time constants greater
than 10 seconds and very often containing time delay. To choose the controller there are
some criteria which are verified in practice, taking into consideration the process
characteristics and the imposed performance.

The heating process of an electrical resistance furnace is a slow process and is very difficult
to control it because the parameters values of the system of the electrical resistance furnace
cannot be compute with accuracy. These values are adequate for designing the controller of
the heating process.

Because the parameters of the system can be modified in the heating process, it is required
to compute them in real time. In order to solve this problem, for the identification of the
system it can be used an adaptive filter (Alexander, 1986). The adaptive filter coefficients
values are changing on every iteration, having as consequence that the parameters of the
system can be also computed also on every iteration. The temperature control system is
conditioned by the convergence of the adaptive algorithm. One of the convergence
criterions for an adaptive filter is the initial value of the parameters of the filter so, for this
reason, the initial values were computed using an on-line method. The process parameters
values can be computed from the adaptive filter coefficients (Oppenheim & Schafer, 1986).
Knowing the process parameters values, it can be computed the controller parameters
values, taking into consideration the criteria of tuning controllers.

An experimentally determination leads to the conclusion: if the values of the samples are
distorted by the additive noises, it has to be used a smoother filter.

2. The parameters process identification methods

2.1. The on-line identification method of slow process parameters with time constant
and delayed time

In some applications, such as heating process of electrical resistance furnace, the output
signal is delayed comparative to the input signal by a time constant, as in relation
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y(t)=x(t-t) ,=>0 , 1)

where 7 is a delayed time constant or time propagation constant.
The transfer function of such a process is

H (s)=e"". ()

In (Dumitrache et al., 1993) it is shown that the model of the electrical resistance furnace is a
model with a time constant and a delayed time defined by the relation:

®)

where T, © > 0.

In (3) K is the amplification coefficient, t is the delayed time and T is the time constant.

The on-line identification method, that is presented in (Panoiu et al., 2008 c), consists in
applying of an input signal to a system whom balanced state is described by the (Xo, Yo)
point. The relation (4) describes this input signal.

X, 0<t<T,
XO=1% o1 @)
0 0

The input signals form is presented in figure 1.

x(t)

X1

l Xo

To

Fig. 1. The input signal form.

Applying this kind of input signal instead of the step signal presents two advantages. The
first advantage consists in the fact that it can be observed if the Y output can be stabilized in
the same stationary Y, point, or not. If the Yo value can’t be reached, we conclude that or the
process is no stationary, which can conduct to a better approach of the model, or a
perturbation appeared during the experiment, so the experiment must be resumed. The

second advantage consists in the fact that the differences x(t)—X, and y(t)-Y, are null

after a time interval that is larger than process stabilization time interval, so the integrals
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LK
L = [(=4)" [x(H) =X, ]t 5)
0
K
Ly = J.(_t) [Y(t) - Yo:l -dt, (6)

0

where K=0, 1, ..., will be finite.

Taking into consideration that the chosen model depends by N parameters, the
identification process consists in evaluation of H(s) function and the first N-1 derivatives in
origin. The result is an N equation system with N variables. The solution of this equation
system is the N system parameters.

The N-1 derivatives can be determined in recursive way, by the relation:

from which result
Y(0) = H(0)-X(0), ®)

and by successive derivations it can be obtained the general relation for the kth order
derivative in origin

Y<K>(O>—§C;H<K‘“<0>-><<”(0>
®)(0) = i=1 9)
o= X(0)

where

YO (0) = [(-0F[y()-Y, ] dt, (10)

Se—38

X®(0) = [()F[x()~X, ]-dt, a1

Se—38

withK=0,1, ... N-1.
The integrals that are obtained from (10) and (11) can be computed on a finite domain, 0 < t < T;

where Tirepresents the limits of integration. Using (9) it was computed successive for the model
given by the relation (3):
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H(0)=K
H(0) = —K-(T+x) , )
H'(0) = K[ (T+1) +71°

These relations permit the evaluation of the model parameters.

K = H(0)
+_ HO _(HOY

H(0) | H(0) | ~ (13)
rz—w—T

H(0)

The performances of this method were determined by choosing a system which has the
system function as in equation (3). The values of the parameters model were chosen as in
(14), and the values of the test signal parameters were chosen as in (15). The units of all time
constants are seconds.

T=7, K=51=4 , (14)

Ty =50, T; =100, T, =0.1 . (15)

The influence of the parameters model values was studied by taking different values for one
of them and keeping constant the other two. The results are presented in tables 1, 2 and 3.
From table 1 it can be observe that amplification coefficient has no influence on computed
values, comparative to influence of time constant and delay time, presented in tables 2 and
3. These influences increase as duration of time constant and delay time are increasing
referring to test impulse duration and time integration.

In conclusion this identification method has the disadvantage that if the test impulse
duration and time integration are not correlated with the real values of the parameters
model, the measurements are wrong. The reducing of errors can be obtained by increasing
the test impulse duration and time integration.

2.2. Adaptive method of process parameters identification

One of the problems that appear in processes whose model has a time constant and a
delayed time, defined by the relation (3) is that of obtaining a transfer function through a
dimensionally finite system, which actually means to approximate by a rational function the
e ™ function (Panoiu et al., 2008 b), (Panoiu et al., 2008 d). The transfer function which

approximate H, (s) from relations (2) and (3), is note by H_, (s) , as in relation (16).
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k ke ek (%) T. et (%) T & (%)
1 0,9998 0,0200 6,9324 0,9657 4,0039 0,0975
2 1,9996 0,0200 6,9324 0,9657 4,0039 0,0975
3 2,9994 0,0200 6,9324 0,9657 4,0039 0,0975
4 3,9992 0,0200 6,9324 0,9657 4,0039 0,0975
5 4,9990 0,0200 6,9324 0,9657 4,0039 0,0975
6 5,9988 0,0200 6,9324 0,9657 4,0039 0,0975
7 6,9986 0,0200 6,9324 0,9657 4,0039 0,0975
8 7,9984 0,0200 6,9324 0,9657 4,0039 0,0975
9 8,9982 0,0200 6,9324 0,9657 4,0039 0,0975
10 9,9980 0,0200 6,9324 0,9657 4,0039 0,0975

Table 1. The influence of amplification coefficient on computed values of parameters process
with (T=7, ©=4).

T ke ey (%) T. er, (%) Te e (%)
1 5,0000 0,0000 0,9996 0,0400 3,9512 1,2200
3 5,0000 0,0000 2,9999 0,0033 3,9504 1,2400
5 4,9999 0,0020 4,9951 0,0980 3,9544 1,1400
7 4,9990 0,0200 6,9324 0,9657 4,0039 0,0975
9 14,9946 0,1080 8,7054 3,2733 41682 4,2050
11 4,9835 0,3300 10,2409 6,9009 14,4733 11,8325
13 4,9632 0,7360 115243 | 11,3515 4,8985 22,4625
15 4,9329 1,3420 125771 | 16,1527 5,4058 35,1450
17 4,8927 2,1460 134338 | 20,9776 5,9585 48,9625
19 4,8438 3,1240 14,1302 | 25,6305 6,5284 63,2100

Table 2. The influence of time constant on computed values of parameters process, with
k=5, v =4).

T k. €k, (%) T, T, (%) Te &r, (%)
1 4,9994 0,0120 6,9520 0,6857 0,9887 1,1300
2 4,9993 0,0140 6,9462 0,7686 1,9932 0,3400
4 4,9990 0,0200 6,9324 0,9657 4,0039 0,0975
6 4,9987 0,0260 6,9151 1,2129 6,0171 0,2850
8 4,9983 0,0340 6,8936 1,5200 8,0334 0,4175
10 49977 0,0460 6,8669 1,9014 10,0534 0,5340
12 4,9970 0,0600 6,8337 2,3757 12,0779 0,6492
14 4,9959 0,0820 6,7926 2,9629 14,1079 0,7707
16 4,9946 0,1080 6,7418 3,6886 16,1445 0,9031
18 4,9928 0,1440 6,6791 4,5843 18,1890 1,0500

Table 3. The influence of delayed time on computed values of parameters process, with
(T=7, k=5).
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n

2
m(s)_ 1+ci-s+cy-s”+--+c, s ,d_ 20 (16)

1+d,-s+d,-s*+---+d, -s"

The coefficients of the transfer function H,(s) can be determined by equalizing the

decomposed function H,(s)around the origin with the decomposed functionH.,(s)

around the origin. Such an approximation is known as Padé approximation of rank (n + k),
where n represent the degree of the polynomial at the denominator and k the degree of the

polynomial at the nominator of the H,, (s) . In (Dumitrache et al., 1993) are present the usual
Padé approximation of rank (2 + 0), (2+1), (1 + 1) and (2 + 2).

1

1 1—§TS
Hral(s) 2 ’ HraZ(S)_ 2/
1+1s+—-8° 1+ S1s+—s82

1—%5 1—%s+%-s2 )

Hra3 (S) = T ’ Hra4 (S) = 2
1+—s 14 g4+ % .82

2 27 12

The system function of the discrete system is obtained by using one of the Padé
approximations of the function e ™ and is given by relation (18).

H,(s)= 1+I§T H,(s) (18)

The system function of the discrete system is obtained by using an equivalence method for
the analog filter with a numeric one. The two methods that we are studied are:

1. The approximation of differential equation by finite difference method, in which the
system function is obtained from relation (19)

H(z):Ha(S) (19)

s=_r%~(1—z’1 )

2. The bilinear transform method, in which the system function is obtained from relation
20)

H(2)=H,(5) ., @)
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Irrespective of Padé approximation, the general expression of the system function can be
written as:

1+a1-z+a2-z2+a3-z3

It was determined the coefficients of the system function in the case of using both methods
of equivalence and all the 4 Padé approximations. In case if is used the first approximation
the coefficients value are presented in table 4.

Szl(l—Z_l) HTl (S) HTz (S) I_Ifa (S) HT4 (S)
T Pade’ (1+1) Pade’ (2+0) Pade’ (2+1) Pade’ (2+2)
KT, (t—2T,) 2KT? 2KT2 (3T, 1) KT, (1217 - 61T, + 7
bo (T+T)(e+ 2L |(T+T,)( 21 + 20T, + ) (T T, ) (612 + 40T, +37°) (T, +T)( 1212 +6eT, + )
kT, 2keT2 KT, (6T, -27%)
b1 (T.+T)(2T, +1) 0 (T+T,)(6T2 +4T,+37 )| (T, + T)(12T7 + 6T, +7*)
KT,7
b2 0 0 0 (T, +T)(1212 +62T, + 2
T2 T+ T | 20(T+ef +4T | ( 4f46d T T eme2?
a (Te+T)(2Te+7) | (T, +T)(212 +20T,+2) | (6L +4T,+37 T+T) | | T+T 1212 +6T, +7
T (212 +3¢T,+7°)  [30(T, +T)+T(4T, +67°)| T(62T, +27°)+ 7 (T, +T)
® (Te+ T)(e+2Te) | (T, +) (212 4 26T, + ) | (T, +T)(6T + 42T, +37°) | (T, + T)(12T2 + 6¢T, + 1)
2
o2 3T ; 2T P
& 0 (T+T)(212+26T, +2) |(T+T,) (612 + 42T, +37) (T+T)(128 +6¢T, +7)

Table 4. The coefficients values of the numerical system function obtained by using
approximation of differential equation by finite difference method.

In case if is used the second approximation the coefficients value are presented in table 5.

It was study the filter behaviour for all the four Padé approximations, for different system
parameter values and the conclusion is that for assurance convergence of the adaptive filter
coefficients to the real values is necessary to use a greater value for sampling period as the
number of poles is greater (Panoiu et al., 1996). From tables 4 and 5 it can be observed that
the only approximation that gave the system function with only 2 poles is the Padé
approximation (1+1), this approximation being used in the following actions.

In tables 6 and 7 are presented the relations which offer the system parameters values
starting from the numerical filter coefficients. There are presented also the situations in
which are not found such kind of relations.

In conclusion, this method of determining the system parameters value has the advantage
that if the system parameters value is changing during the process, the adaptive filter can
permit to determine the instantaneous parameters value.
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21z )| H(Y) M, (5) M, (5) H, (s)
T 1+ z! Pade’ (1+1) Pade’ (2+0) Pade' (2+1) Pade’ (2+2)
b KT, (T, —1) KT? ] KI2(3T, -21) KT, (3T7 - 3¢T, + 7’
0 (T, +2T)(T, +7) |(T.+2T) (T, 1)’ +7 || (T, +2T)(3T2 +4eT, +67°) | (T, +2T)(312 + 31T, + ?)
oKT? 3KT? ] KT2(9T, - 21) KT, (977 -3, —7°)
by (T, +2T)(T, +7) | (T.+2T) (T, +7)° +2 | |(T. +2T) (3T +4¢T, +6¢ )| (T, +2T)(3T2 +3¢T, + 7
KT, 3T | KT2(9T, +21) KT, (912 +3¢T, -7
b, T, +2T (T, +2T)_(Te+r)2+rz_ (Te+2T)(3Te2+4rTe+6rz) (Te+2T)(3Tez +3TTe+T2)
KT ] KT? (3T, +21) KT,
bs 0 (T, +2T)[ (T, +7) +7 | |(T, +2T)(3T2 +4¢T, +67) T, +2T
ar Z(Tez —ZTT) T, -2T N Z(Te2 _2T2) Te—2T+ 6(Te2_272) T, -2T 2(3Te2—12)
(T +2T)(T, + 1) | Te+2T (T, +1) +7 |T+2T (312 +41T,+67) | T, +2T  3T2+ 3L, + 12
121 AT-27) | 6T —2m)(12 27 AT, -21)(37 7
R (T, -2T)(T, —1) | T.+2T (T, +1) +7 (T, +21)( 3T +4T, +67) ("[;+2T)(3T§+3ﬂ;+12)+
2
(Te+2T)(Te +7) | (T, 2+ (T-2¢ +2(T2+2) ST 5T+ 2
(Te+t)2+r2 (?;Te2 +40T, +6r2) 3T +3cT, +7
(T. —2T)[(Te —1)° +r2] (T, ~2T)(3T2 ~4aT, +67%) | 2(T, ~2T)(3T2 -3¢, + |
as 0 2 2 2 2
(T, +2T)[(Te +1) +‘t:2:| (T, +2T)(3T2 +4<T, +67°) | (T, +2T)(3T +37T, +7)

Table 5. The coefficients values of the numerical system function obtained by using bilinear
transform method.

1
s=—(1-2') T T K
e
2T T
H, (5) 2, L b, T
' 0 4+ 1 _41 g _Zoe
Pade’ (1+1) b, b, ] a, T,
H.( _ _ _
Pade’ (2+0)
T
3T e
H () by . 37 3bh T .
! 0 - 2
Pade’ (2+1) b, ! (672 + 4eT, +3¢) 2, 2 a, T;
T,
HT4 (s) 1 l‘?;Te TZ < bo (Te + T)(12Tez + 6TTe + TZ)
Pade’ (2+2) | o p, * (1217 + 6T, + ) ag 1 T, (1272 — 62T, + )

Table 6. The relations between system parameters value and numerical coefficients value
obtained by using approximation of differential equation by finite difference method.
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2(1-z"
§=— T T k
T, (1+zlj
H, (s) 1_2bo |1 T, 2a,T, —a;T, +a1 2b, (T - 2Tx)
Pade’ (1+1) b, ) °© 2 2a,t-a,T, +a;t a,T, (T. - 1)
H,,(s)
Pade’ (2+0)
b_l_ 1-a;+ 6(Te2_212) 2
H, (s) 3. by e (T | by (T 2T) (T 26 +2(T2442)
Pade’ (2+1)| 2 “bi_4 |2 6(1¢ - 21*) TZ (3T, -21)
b 1+a; - > > 3 e e
(Te+21) +2(T +7%)
H, (s) ] T, by —bja, b, T, +2T
Pade’ (2+2) 2 by +bja T,

Table 7. The relations between system parameters value and numerical coefficients value by
using bilinear transform method.

3. Study of characteristics of the IIR-OSLMS filters

Since the values of the parameters of the system model can be finding by knowing the
values of the adaptive filter, it was had to choose the optimal identification algorithm with
respect to the convergence rate, as well as to stability. It was also had to choose the form of
implementation, direct or lattice, as well as the method of equivalence for the analogical
filter with a numeric one (Regalia, 1992), (Myuma, 2003), (Punchalard, 2006).

Towards, there were tested 3 identification algorithms: the gradient algorithm, the Steiglitz
Mc-Bride algorithm and the SHARF one, each of them being implemented both in direct and
lattice form, by using one of the two methods of equate for the analogical filter with a
numerical filter. For this, the authors identified the parameters of the unknown system with
the transfer function and tested the algorithms in identical conditions. The value chose for
the simulated system were: 1= 4 seconds, K=5 and sampling period T.=2 seconds. The tests
were made considering that the unknown system is a fixed filter, with the coefficients
obtained based on relations presented in tables 4 and 5.

The three identification algorithms implemented in two equivalence method are presented
in hypothesis of using the (1+1) Padé approximation. The tested structures were filter
implementation in direct form and filter implementation in lattice form (Regalia, 1991).

3.1. Gradient algorithm
In figure 2 is presented the structure of an adaptive filter based on gradient algorithm. The

implementation can be done in direct form and in lattice form (Haykin, 1991).
a) Gradient algorithm in direct form of implementation is described by the equation (22).

e et
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In (22) pis the adaptation coefficient, e(n) is the output error, a and b are the matrix
coefficients of nominator and denominator (Chen & Gibson, 1992), (Miao et al., 1994). In
figure 3 is represented the coefficients form variations for direct form of implementation.

+ \L noise

X(n) Unknown + >
system 7@
y(n

)

= IIR lattice e(n)
filter

Lattice
prefilter

Y
Lattice .

Al th
prefilter :> goritim -

Fig. 2. Implementation of adaptive filter based on gradient algorithm.

The variation of the filter coefficients The variation of the filter coefficients

, Coefficients
Coefficients

15 i i i i ) : : i :
0 1000 2000 3000 4000 5000 185 1000 2000 3000 4000 5000
Number of samples Number of samples
a) b)

Fig. 3. The variation of adaptive filter coefficients using (1+1) Padé approximation,
gradient algorithm implemented in direct form (a=0.2 ; T. = 2s): a) using approximation
of differential equation by finite difference method; b) using bilinear transform method.
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b) Gradient algorithm in lattice form of implementation is described by the equation (23).

[k(nﬂ)]:[k@)]w.('UA(“)].e(n) @)

b(n+1) b(n) XA(n)

In (23) k and b are the matrix coefficients of lattice implementation structure. In figure 4 is
represented the coefficients form variations for lattice form of implementation.

The variation of the filter coefficients The variation of the filter coefficients
1 T T T T 148 T T T ;
1 _______________________________________________________ -
- wn
£ g
o )
U ot
o— Q
R o
= @
v o)
< O
@)
15 ‘ ’ i ‘ 15 : : | |
g Juele 2000 S000 St E000 ) 1000 2000 3000 4000 5000
Number of samples Number of samples
a) b)

Fig. 4. The variation of adaptive filter coefficients using (1+1) Padé approximation,
gradient algorithm implemented in lattice form (a=0.2 ; Te = 2s): a) using approximation
of differential equation by finite difference method; b) using bilinear transform method.

3.2. Steiglitz-McBride algorithm
In figure 5 is presented the structure of an adaptive filter based on Steiglitz-McBride

algorithm. The implementation can be done also in direct form and in lattice form.
a) Steiglitz-McBride algorithm in direct form of implementation is described by the equation
(24). In figure 6 is represented the coefficients form variations for direct form of

implementation.

X4 (n)

[a(nn)J :[a(n)J+H.[—DA(n)J.e(n) 24)

b) Steiglitz-McBride algorithm in lattice form of implementation is described by the
equation (25). In figure 7 is represented the coefficients form variations for lattice form of

implementation.
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()[4 [0 g -

b(n+1)) {b(n) Xx(n)
noise
(n) :
X\n | Unknown +
> = .
system Q
y()
\ 7
IIR lattice .Au () + =
filter +
e(n)
Lattice
prefilter
1

Lattice | YO o
arice Algorithm

prefilter

Fig. 5. Implementation of adaptive filter based on Steiglitz-McBride algorithm.

The variation of the filter coefficients The variation of the filter coefficients
06 . ‘ : : ] ‘ : . ‘
04 : ]
02 ] S S S SO SO 1
0 ; B
- o] T 1 c
o : TS
o 02 er O B
i e
S~ )
D 04 o)
S O
U el 71 DS S SN SRS S 1
08
-1 -1 [ ________________________________________________ 4
12
o : : : : 15 3 : : :
0 1000 2000 3000 4000 5000 0 7000 2000 3000 4000 5000
Number of samples Number of samples

a)

Fig. 6. The variation of adaptive filter coefficients using (1+1) Padé approximation,
Steiglitz-McBride algorithm implemented in direct form (a=0.2; Te = 2s): a) using
approximation of differential equation by finite difference method; b) using bilinear

transform method.
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The variation of the filter coefficients
2

Coefficients

1000 2000 3000 4000 5000
Number of samples

a)

Coefficients

4

The variation of the filter coefficients

0 1000

2000

3000 4000 5000

Number of samples

b)

Fig. 7. The variation of adaptive filter coefficients using (1+1) Padé approximation,
Steiglitz-McBride algorithm implemented in lattice form (a=0.2 ; Te = 2s): a) using
approximation of differential equation by finite difference method; b) using bilinear

transform method.

3.3. SHARF algorithm

In figure 8 is presented the structure of an adaptive filter based on SHARF algorithm. The
implementation can be done also in direct form and in lattice form.

a) SHAREF algorithm in direct form of implementation is described by the equation (26). In
figure 9 is represented the coefficients form variations for direct form of implementation.

noise
(n) y
X(n
Unknown "')\.4.
system
L] y(n)
Latti
refilter
=
L —]
\
I ice
s filter
Y |
Algorithm - C(z) (—@
"(n)

Fig. 8. Implementation of adaptive filter based on SHARF algorithm.
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a(n+1) ~ a(n) . -y(n) ofn
{b(n+1)]_[b(n)] H [x(n) J (n) (26)

where
c(n)=e(n)-0.6-e(n-1) (27)
b) SHARF algorithm in lattice form of implementation is described by the equation (28),

where c(n) is the same as in (27). In figure 10 is represented the coefficients form variations

for lattice form of implementation.

k(n+1) B k(n) . —u(n) ofn
] o R B -

The variation of the filter coefficients The variation of the filter coefficients
1 : : : : 08
06
S e e e e B A n 04
2 z
o g 02
i3 R
£ ° g 0
8 S 02ff
O o

.04t
.06t
.08

) : : : : 42 : : : :
"% 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Number of samples Number of samples
a) b)

Fig. 9. The variation of adaptive filter coefficients using (1+1) Padé approximation, SHARF
algorithm implemented in direct form (a=0.2 ; T. = 2s): a) using approximation of
differential equation by finite difference method; b) using bilinear transform method.

The results of the tests presume to identify the heating process of the furnace, lead us to the
conclusion that the Padé (1+1) approximation allows the easiest determination once the
coefficients of the numeric adaptive filter are known (Pomsathit, 2006).

We also determined experimentally that the most efficient algorithm of identification is the

SHAREF algorithm, implemented in its lattice form, the equivalence of the analogous filter
with a numeric one being done by the method of the approximation of the differential

equation with finite differences.
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The variation of the filter coefficients The variation of the filter coefficients
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Fig. 10. The variation of adaptive filter coefficients using (1+1) Padé approximation, SHARF
algorithm implemented in lattice form (a=0.2 ; T. = 2s): a) using approximation of
differential equation by finite difference method; b) using bilinear transform method.

4. Adaptive controllers

4.1. The used criteria in tuning controllers
The process of temperature control can be accomplished by choosing the type of controller
according to particular criteria. Choosing and tuning the controllers for cool time processes
represents one of the most difficult problems in the practice of automatic control both
because of the difficulties in precisely determining the cool time characterizing the process,
and due to the adverse influence of the cool time on the transitory behaviour of an
automatic controlling system. The criteria that can be used for the tuning of cool time
controlers are:

» Criteria based on the method of stability limit;

= (Criteria based in the results of identification;

* Experimental criteria considering the functioning process.
Since the temperature adaptive controlling method is based on the identification of process
parameters, are presented four criteria based on the results of identifying the process
parameters, criteria which are used for slow process (Dumitrache et al., 1993).
a) The Ziegler - Nichols relations

- for P - controllers

T

E ’ (29)

KR opt —

- for PI - controllers
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09T
KR opt = K_'c/ Ti opt =337 (30)
b) The Oppelt relations:
- for P - controllers
T
KR opt = K_’C (31)
- for PI - controllers
K 08T T, 31 (32)

Ropt:KT’ 10pt:

¢) The Kopelovitch relations

Controller type Aperiodic agiﬁ?gfllth minimal Oscillatory answer at ¢ =20%
03-T 07-T
06-T 07-T
PI KRopt: K-t KRopt: K-t
Tiopt=0.ST +0.5T Tiop’[= T + 0.3T

Table 8. The values of tuning parameters, according to Kopelovitch.

d) The Chien, Hrones, Roswich relations

Aperiodi th minimal
Controller type periodic answer with minima

Oscillatory answer at 6 =20% with

duration minimal duration
03-T 0.7-T
035-T 06-T
Tiopt=1.2T Tiopt= T

Table 9. The optimal values of the tuning parameters for a step variation of the input.

Aperiodic answer with minimal

Oscillatory answer at 6 =20% with

Controller type duration minimal duration
03T 0.7-T
P KROPt:_K-T KRopt: K-t
0.6-T 07T
PI KRopt: K-t KROpt_ K-t
Tiopt =41 Tiopt =231

Table 10. The optimal values of the tuning parameters for a noise variation of the input.
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4.2. Implementation of adaptive controllers
As it was presented in the previous paragraph, the P or PI controllers are advisable to be

chosen for time constant and time delay process. The system functions of analogical system
can be obtained starting from relation between the output controller signals due to his input
signal.

In case of using the P controllers, the output equation is given by relation (33) and the
analogical system function is given by relation (34).

VR (t) =Ky - x(t) > (33)

Hg (S) =Ky (34)

In case of using the PI controllers, the output equation is given by relation (35) and the
analogical system function is given by relation (36).

Y (t) =K x(t) + 25 [x(e)de, (35)
i0
Kp 1+sT,

g (5) = S 1 66

i
Starting from the adaptive filter coefficients at nth iteration it can be computed the process
parameters, T, © and K. Depending on the chosen adaptive controller and also on the used
criteria in tuning controller it can be determined the values of controller parameters, based
on the process parameters. In this manner it can be obtained the transfer function of the
controller.

The system function of the numerical system can be obtained with one of the two
equivalence method. Irrespective of the equivalence method of the analog filter with the
numeric one and the type of controller, the general relation for determining the output
magnitude of the numeric controller is:

y(n)zbo-x(n)+b1-x(n—1)+a1-y(n—1) (37)
Depending of the kind of controller and of used equivocation method, in table 11 are

presented the coefficients relations on equation (37), as functions on parameters controller
and sampling period.

4.3. Noise cancellation
It was experimentally determined that during the temperature measurement process appear
impulse noises with high amplitude due to functioning of the voltage controller rectifier.
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Equivalence method Controller bo b1 ai
Approximation of differential P Kg 0 0
equation by finite difference T
Kpl1+== -
method PI RLET T K 1
P Kr 0 0
Bilinear transform method o 2K—TR(Te +2T,) I;—,F(Te _2T) h

Table 11. The coefficients value of numerical controller.

The temperature control process inside the electric resistance furnace presumes to know
exactly the instantaneous temperature value that means elimination necessity of the high
amplitude and short duration impulse influence (Panoiu & Panoiu, 2007).

To study the possibility of noise cancellation it was applied a test impulse and the
temperature values were measured. The impulse duration was 20 minute, the test duration
was 40 minutes and sampling period was 0.2 seconds. The results are presented in figure 11.

The temperature variation an the electric resistance furnace
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Fig. 11. The variation of the measured temperature.

Taking this fact into consideration, in temperature measurement process was used a MLMS
filter with window length of 75 samples. For this filter it was experimentally determined
that the temperature can be adjusted on-line and it can be realised an optimal noise
rejection. In figure 12 is presented the temperature variation form using MLMS filter.
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The ternperature variation on the electric resistance furnace
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Fig. 12. The variation of the measured temperature after noise cancellation.

4.4. The measurement of the electric resistance furnace parameters using the on-line
identification method

Until this point is presented the situation of using an adaptive filter in order to identify the
parameters of the slow processes. In this case, using another method, ie. on-line
identification method, is necessary to determine the approximated values of the system
parameters. Using these values the initial values of the adaptive filter coefficients will be
determined (Panoiu & Panoiu, 2005), (Panoiu et al., 2008 a).

The parameters of the model of the electric resistance furnace heating were determined
using the on-line identification method. The experiment consists in applying during the
impulse test on the resistance terminals the highest rectifier voltage that produces the
furnace heating. During this interval the temperature increases inside the furnace. After this
impulse test, the supplying voltage is disconnected and the temperature decrease. The
impulse test was 20 minutes duration, the integration period was 40 minutes and sampling
period was 0.2 seconds. In order to determine the parameters of the furnace heating model,
were made 10 measurements with null initial conditions. The measurements results are
presented in table 12.

Taking into consideration the results presented in table 12, the initial values of parameters of
the furnace heating model were chose: K=440, T =275 seconds and t=66 seconds.

Because the SHARF algorithm present reduced variations of the adaptive filter coefficients,
irrespective of the implementation form or of the equivocation method, between an
analogical filter with a numeric filter, this algorithm was used in the process of adaptive
identification of the parameters of the furnace heating model.
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Number of K Tmeas T meas
measurement meas (seconds) | (seconds)

1 442,60 274,22 66,21

2 438,56 272,21 64,87

3 450,88 280,34 65,38

4 443,24 275,33 66,86

5 436,22 271,00 67,12

6 445,78 278,22 66,43

7 436,50 270,29 63,26

8 447,87 279,24 65,96

9 440,26 275,34 67,28

10 438,22 273,37 66,32

Table 12. The parameters of the furnace heating model.

Because the lattice form of implementation present a convergence speed greater than the
direct form of implementation, it was used the lattice form of implementation of the
adaptive filter (Voltz & Kozin, 1992).

Because the number of the adaptive filter coefficients using Padé approximation (1+1) is
more reduced in case of approximation of differential equation by finite difference method
then in case of bilinear transform method, the first method was used.

With the initial chosen values of the parameters of the furnace heating model, it was tested
the convergence of the adaptive filter coefficients using some of the sampling period values.
Experimentally was concluded that the optimal sampling period is 30 seconds, as necessary
time interval between two consecutive adjustments of the power discharged by the electric
resistance. In figure 13 is presented the variation form of the adaptive filter coefficients
using SHAREF algorithm, implementing the adaptive filter in lattice form and using the
approximation of differential equation by finite difference method.

The variation of the filter coefficients

Coefficien

o 1000 Z000 2000 A000 000
Number of samples

Fig. 13. The variation of adaptive filter coefficients.
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5. The adaptive temperature control system

5.1. The structure of the adaptive temperature control system
The implemented adaptive temperature control system has the structure given in figure 14,
including the following elements:
- the electric resistance of furnace, representing the system whose output, temperature, is
controlled by the modification of the power dissipated over its electric resistance;
- the voltage controller rectifier (VCR) whose role is to allow the controlling of the output
voltage value, according to the level of the input DC voltage;
- the temperature transducer (T), used for obtaining a voltage proportional to the
temperature. We used a chromel-alumel temperature transducer with the maximum
measurable temperature of 1200°C and a maximum output voltage of 48 mV;
- the voltage amplifier (A) used to increase the output voltage of the temperature
transducer, in view of obtaining an output voltage of 20 V, corresponding to the range of
measurements allowed by the system in use;
- one computer;
- the data acquisition board ADA3100 used both in the output voltage digital to analogous
conversion of the amplifier and in the output voltage digital to analogous conversion meant
to act upon the voltage-controlled converter. This data acquisition board has the following
characteristics:

- 8 analogical input channels that can be used differential or single ended;

- 2 analogical output channels;

- 8 digital input lines and 8 numeric output lines;

- input voltage domain: +5V, £10V or 0-10 V, selectable by program;

- output voltage domain: +5V, +10V, 0-5V or 0-10 V , selectable by program;

- possibility to choose the input signal amplification of 1, 2, 4, 8, 16 or adjustable
before the analogous to digital conversion.

Xref

x(n)
Controller >

VCR Furnace T A

Nn»P»g
NJ>

PN

\ d(n)

Adaptive y(n) N

> filter + e
by by, ay, 2, | \

Fig. 14. The temperature adaptive control system.
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5.2. Experimentally results

Experiments were realised using the adaptive control system presented in figure 14. All
criteria of tuning controllers were tested in the same condition. These are referring to the
imposed temperature which is desired to obtain. In all experiments this temperature is
200°C.

In figures 15 is presented the temperature variation obtained by using Ziegler-Nichols
relation with P and PI controller.

The temperature variation The temperature variation
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Fig. 15. The temperature variation using Ziegler-Nichols relations.

In figure 16 is presented the temperature variation obtained by using Oppelt relation with P
and PI controller.

The temperature variation The temperature variation
300 ; . ; : . 300 T T : . ;

pL1| SO Aoeeees eananees e e peeereses 250

200

200}------+ A wr

Temperature
]
[
-1
—d
I
Temperature
&
L)

—
=
=
H
H
H
H
H
'
H
T
H
H
H
H
H
H
H
H
:
o
H
H
T
H
H
H
H
H
H
L
—
=
=3

o
=
:
:
:
:
:
.
:
i
0
:
:
:
:
:
:
:
:
:
R

:
:
o
:
:
:
:
:
:
1

o

=]

0 : : : 3 i : : i : |

0 2000 4000 6OOO 8000 10000 12000 OO 2000 4000 GOO0 8OO0 10000 12000
The number of samples The number of samples
a) for P controller b) for PI controller

Fig. 16. The temperature variation using Oppels relations.
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In figure 17 is presented the temperature variation obtained by using Kopelovici relations

for aperiodic answer with minimal duration.
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Fig. 17. The temperature variation obtained by using Kopelovici relations for aperiodic
answer with minimal duration.

In figure 18 is presented the temperature variation obtained by using Kopelovici relations
for oscillatory answer at 6 =20% with minimal duration.
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Fig. 18. The temperature variation obtained by using Kopelovici relations for oscillatory
answer at o = 20% with minimal duration.
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In figure 19 is presented the temperature variation obtained by using Chien, Hrones, and
Reswich relations for oscillatory answer at 6 =20% with minimal duration.
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Fig. 19. The temperature variation obtained by using Chien, Hrones and Reswich relations
for oscillatory answer at o = 20% with minimal duration.

6. Conclusions

The online identification method has two disadvantages. The first of them consists in the
fact that if the test impulse duration and the integration duration are not chosen in
correlation with the real values of the process parameters the measured values of the
process parameters present high errors. The second disadvantage consists in the fact that for
measuring the values of the process parameters the system must be taken out from its
steady state and the measured values are considered constant until the next measurement is
performed.

The transfer function of the system can be obtained by using a Padé approximation of the
transfer function associated to a delayed time process. The system function of the numerical
system is obtained by using an equivocation method of the analogical filter with a numerical
filter. Two equivalence methods of the analogical filter with a numerical filter were
analysed: the approximation of differential equation by finite difference method and the
bilinear transform method.

Based on equivalence methods it were determined the computing relations of the filter
coefficients knowing the values of the process parameters as well the mutual relations of
determining the values of the process parameters knowing the values of the adaptive filter
coefficients for the 4 Padé approximations that are treated in the technical literature.

It was studied 3 identification algorithms, implemented in direct form and also in lattice
form. The conclusion is that irrespective of the algorithm type, the lattice implementation
form presents a convergence speed higher than the direct implementation form. Also, the
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SHAREF algorithm has the smallest oscillation of the coefficients values, irrespective of the
implementation form. Based on the accomplished study, it was used in identification
process of the parameters of the furnace heating the SHARF algorithm, implemented in
lattice form and using the method of the integral approximation using the rectangle method.
The next step consist in experimentally demonstration that in order the adaptive filter to be
availed in identification of the slow processes parameters, is necessary to determine with
approximation the values of the system parameters, based on a previous measurement,
using another method. Using these values, it has to be determined the initial values set of
the adaptive filter coefficients.

In the final part are presented the experimental conclusions that are obtained in the
temperature controlling process using the criteria based on the identification results in
choosing the controllers parameters.

The experimental results obtained in the process of temperature control, using the criteria
based on the results of identification in choosing the controller parameters, confirm the fact
that the using of the adaptive method of furnace temperature control presents some
advantages, such as:

First advantage consist in the fact that the measurements of the parameters of the electric
resistance furnace heating process consists in their calculation after each correction interval
of the power given by the electric resistance, knowing the updated values of the adaptive
filter coefficients. In this way, it is no longer necessary to take the system out of its steady
state, as it is the case with the on-line identification method.

The second advantage consists in that since we practically know at each moment the
parameters of the furnace heating process, the values of the numeric controller parameters
are chosen in each interval of power control according to the values of the process
parameters.

Finally, the performances obtained by this method allow a better control of the temperature,
in the sense of reducing the time to reaching the preset temperature value in the case of
applying a step signal to the standard input of the controller. Moreover, after the preset
temperature value is reached, the oscillations around it are smaller than in the case of using
a constant-parameter controller.

7. References

Alexander, S.Th. (1986). Adaptive Signal Processing, Springer Verlag, New York Inc.

Chen, S. W.; Gibson, J. S. (1992). A New Unwindowed Lattice Filter for RLS Estimation, IEEE
Transactions on Signal Processing, vol 40, No. 9, September, pp. 2158-2165.
Dumitrache,l.; Dumitru, S.; Mihu, I.; Munteanu, F.; Muscd, Gh.; Calcev, C. (1993). Electronical

Automatisation, E.D.P.Bucuresti.

Haykin, S. (1991). Adaptive Filter Theory, Prentice Hall, Englewood Cliffs, New Jersey.

Miao, K. X.; Fan, H.; Doroslovacki, M. (1994). Cascade Lattice 1IR Adaptive Filters, IEEE
Transactions on Signal Processing, vol. 42, No.4, April, pp. 721-742.

Myuma, A.; Nishimura, S.; Hinamoto, T. (2003). Improved mse analysis of a gradient algorithm
for an adaptive 1IR notch filter, Proceedings of the 46th IEEE International Midwest
Symposium on Circuits & Systems, vol. 1-3, pp. 764-767.

Oppenheim, A. V.; Schafer, R. W. (1986). Digital Signal Processing, Prentice Hall, Inc.,
Englewood Cliffs, New Jersey.

www.intechopen.com



306 Modelling, Simulation and Optimization

Panoiu, C.; Panoiu, M.; Negrut, D. (1996). Implementation of Adaptive Transversals Filters using
Variable Step Size Adaptive Algorithm, Automatic Control and Testing Conference
A96-Theta 10-Cluj.

Panoiu, C.; Panoiu, M. (2005). The temperature adaptive control algorithm, MicroCAD,
International Scientific Conference, 10-11 March , Section I Automation and
Telecommunication, pp. 37-42, Miskolc, Hungaria.

Panoiu, C.; Panoiu, M. (2007). MALMS- a New OSLMS Filter, Proceedings of the 4th JASTED
International Conference Signal Processing, Pattern Recognition, and Applications,
Innsbruck, Austria, pp. 94-98.

Panoiu, C.; Toma, L.; Panoiu, M.; Rob R. (2008). Properties of IIR-OSLMS Adaptive Filters,
Proceedings of the 27th JASTED International Conference on Modelling,
Identification and Control, ISBN 978-0-88986-711-6, 11-13 February, Innsbruck,
Austria, pp. 460 - 465.

Panoiu, C.; Panoiu, M.; Toma, L.; Rob R. (2008). A Real-Time Identification Method of Slow
Process Parameters Using Adaptive IIR-OSLMS Filters. WSEAS TRANSACTIONS on
SYSTEMS, Issue 10, Volume 7, October, pp. 1143-1154, ISSN: 1109-2777.

Panoiu, C.; Panoiu, M.; Toma, L. (2008). Temperature adaptive control based on modeling the
heating process of an electric resistance furnace, Proceedings of the 16th IASTED
International Conference on Applied Simulation and Modelling, pp. 277 - 282,
Corfu, Greece.

Panoiu, C.; Panoiu, M.; Toma, L.; Rob R. (2008). A real-time Identification Method of a slow
Process Parameters Using an Adaptive Algorithm, Proceedings of the 8t WSEAS
International Conference on Systems Theory and Scientific Computation, Rodos,
Grecia, 20-22 august, pp. 148-153.

Pomsathit, A.; Wattanaluk, P.; Sangaroon, O. et al, (2006). Variable step-size algorithm for lattice
form structure adaptive IIR notch filter, International Conference On Communications,
Circuits And Systems Proceedings, vol. 1-4 pp. 332-335.

Punchalard, R.; Loetwassana, W.; Koseeyaporn, S. (2006). Performance analysis of the equation
error adaptive IIR notch filter with constrained poles and zeros, International Symposium
On Communications And Information Technologies, vol. 1-3, pp. 1142-1145.

Regalia, P. A. (1991). An Improved Lattice - Based Adaptive IIR Notch Filter, IEEE Transactions
on Signal Processing, vol. 39, No. 9, September, pp. 2124-2128.

Regalia, P. A. (1992). Stable and Efficient Lattice Algorithms for Adaptive IIR Filtering, IEEE
Transactions on Signal Processing, vol. 40, No. 2, February, pp. 375-388.

Voltz, P. J.; Kozin, F. (1992). Almost-Sure Convergence of the Continuous-Time LMS Algorithm,
IEEE Transactions on Signal Processing, vol. 40, No. 2 February, pp. 395-401.

www.intechopen.com



Modelling Simulation and Optimization
Edited by Gregorio Romero Rey and Luisa Martinez Muneta

ISBN 978-953-307-048-3

Hard cover, 708 pages

Publisher InTech

Published online 01, February, 2010
Published in print edition February, 2010

Computer-Aided Design and system analysis aim to find mathematical models that allow emulating the
behaviour of components and facilities. The high competitiveness in industry, the little time available for
product development and the high cost in terms of time and money of producing the initial prototypes means
that the computer-aided design and analysis of products are taking on major importance. On the other hand,
in most areas of engineering the components of a system are interconnected and belong to different domains
of physics (mechanics, electrics, hydraulics, thermal...). When developing a complete multidisciplinary system,
it needs to integrate a design procedure to ensure that it will be successfully achieved. Engineering systems
require an analysis of their dynamic behaviour (evolution over time or path of their different variables). The
purpose of modelling and simulating dynamic systems is to generate a set of algebraic and differential
equations or a mathematical model. In order to perform rapid product optimisation iterations, the models must
be formulated and evaluated in the most efficient way. Automated environments contribute to this. One of the
pioneers of simulation technology in medicine defines simulation as a technique, not a technology, that
replaces real experiences with guided experiences reproducing important aspects of the real world in a fully
interactive fashion [iii]. In the following chapters the reader will be introduced to the world of simulation in topics
of current interest such as medicine, military purposes and their use in industry for diverse applications that
range from the use of networks to combining thermal, chemical or electrical aspects, among others. We hope
that after reading the different sections of this book we will have succeeded in bringing across what the
scientific community is doing in the field of simulation and that it will be to your interest and liking. Lastly, we
would like to thank all the authors for their excellent contributions in the different areas of simulation.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Panoiu Caius and Panoiu Manuela (2010). Using Adaptive Filters in Controlling of Electrical Resistance
Furnace Temperature Based on a Real Time ldentification Method, Modelling Simulation and Optimization,
Gregorio Romero Rey and Luisa Martinez Muneta (Ed.), ISBN: 978-953-307-048-3, InTech, Available from:
http://www.intechopen.com/books/modelling-simulation-and-optimization/using-adaptive-filters-in-controlling-
of-electrical-resistance-furnace-temperature-based-on-a-real-t

INTECH

open science | open minds

InTech Europe InTech China
University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

www.intechopen.com



Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

No.65, Yan An Road (West), Shanghai, 200040, China

RE LiETHERL K655 LiEE PR R E# A RIS M AEE40558 7T
Phone: +86-21-62489820

Fax: +86-21-62489821



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed under
the terms of the Creative Commons Attribution-NonCommercial-ShareAlike-3.0
License, which permits use, distribution and reproduction for non-commercial
purposes, provided the original is properly cited and derivative works building
on this content are distributed under the same license.




