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1. Introduction

Higher order models are very complicated to use in real-time
system. The higher order model is complex and difficult to
handle because of computational problem. The reduced order
model makes simpler for controlling the system, reduces the
complexity and gives the best result[1-12]. Here, we take
input-output relationship of the system in the form of transfer
function.

The Proposed method is a mixed method of Fuzzy C-means
Clustering and Chebyshev polynomial and other mixed
method is Modified Pole Clustering and Chebyshev
polynomial. In literature [13], Chebyshev polynomial used
with the pole clustering method in fourth order. It is a low
order system, Now we are checking in higher order system’s
example. We are also used to reduce denominator by Fuzzy
C-Means Clustering method for checking performance with
pole clustering method.In the first mixed method, Poles are
clustered by fuzzy C-Means Clustering algorithm
andnumerator coefficientreduce by Chebyshev polynomial,
and second, denominator reduces by Modified Pole
Clustering and numerator reduce by Chebyshev polynomial.

2. Problem Formulation

Let the single-input single-output (SISO) higher order
transfer function of the systemis:

G(S}=:qs} B e il (1)

Where a and b are scalar constants.

Let the corresponding reduce r" order model is

‘ﬂr L r-1
G = (s) _d,+ds+dys + +a_’,_1:j
' IXs) e tgstes +......tes

Where d and e are scalar constants.

(2)

3. Fuzzy C-Means Clustering

A large set of data are grouped into clusters of smaller sets of
similar data is called Clustering of data [14]. Fuzzy c-means
(FCM) is a method of clustering of data where any one piece
of data allows to belongs more than one cluster.FCM method
was developed by Dunn in 1973 and it was improved by
Bezdek in 1981. It is based on minimization of objective
function:

= [

J=3 3 urd} (3)

iml jml
Where j is number of cluster, j=1,2,3,...c.
And i is the number of data set, i=1,2,3,... n and m is a
weighting exponent, u;; is a degree of membership.
d? = ||r - v,
if f

o

2

)

A

dj; is the Euclidean distance between data points x; to cluster
center v; and A is a symmetrical positive definite matrix,
which means A=I matrix.

Updating the membership grades By iteration method, FCM
iteratively moves the cluster centers to the right location in a
data set.The initial centers are more important. For a durable
approach, using an algorithm to determine all the cluster
centers. FCM run several times,each starting with different
value of membership grades of data.

If k pairs of complex conjugate poles in the cluster, using a
same FCM algorithm for both real and imaginary parts
individual the cluster is obtained as

[ £iR).( iR, .. i) =a, i, ®

Where a. and B are the cluster center of real and imaginary
poles, respectively.
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4. Chebyshev Polynomials

The chebyshev polynomial[5] and [13].Of the first kind are

denoted by T,(y), where y of degree n which is defined as:

Ta(y)=cos(ncos™y)

y € [-1,1].

This polynomialis recursively expressed as T,.1 (y) =2yT,
V) + Tha(y) 9)

Where To(y)=1 and T4(y)=y

Expressing the Chebyshev polynomials as functions of y by
equation 9 as:

T, (y)=2y"-1,

T.(y)=4y" -3y,

T, (y)=8y*-8y"+1 10)

equation 9 and 10.

v =120 + T ()]
yi=14BL (1) +T,(¥)]

v =1/83T,()+4T,(3+ T, (31 (11)

Procedure for Reduction

Step 1: The denominator polynomial(s) of the reduced order
model is derived by Fuzzy C-means clustering technique.
Step 2: Then the denominatorD(s) is factories

DEU}—EE;U —l__[ (=" —p,) (12)
Where py is the reduce order poles.
Put s= jo then D (jo) Complex conjugate of D(jo), So that
we can find

D{w?)=p (jw)D(jw) . .
Dlo®)=0] @*-p)

i

(13)

step 3: The function D (w?) is convertedinto chebyshev
polynomial by equation 11.

B(I@™ =Y Al gy

fmil
Step 4: Now The original n"order system can be expressed
as

[T (-2

_NG) _ L ih
P& T Me-20

Where p; and z; are the poles and zeros of higher order
system G(s), respectively and { is constant.
Step 5: Same as, we derived:

Glw!=G(jw).Gljm)
Gl@?)=¢"

G (s) (13)

ﬁ(m:—zf}
@ -pH U9

Step 7: The function G(w?) is expanded into power series
around w?=0 as

= (17)
Step 8: The function G (w?) is converted into Chebyshev
polynomials as

G(T(a ) =Y cT. (0
(I'(@°) ch »(@7) as)

Step 9:Then reduced order G (w?) can be expressed by the
same method. After obtaining separate expansions in
Chebyshev polynomial for numerator and denominator, the
G(w?) can be written as:

i@y &A@

D(T(a?)) > BT, (0%) (19)

Step 10: reduce the order denomir{ator(Tf)(wz)) is already
obtained by the equation 11. Then polynomial
N (T(w?)) is obtained by

F=1

> a T, (o) :

=Y cTl(e?)

> BT (o) *°

i

Z ol (@)= ic_.i’;_. (mlli BI(@%) 20)

G(T(0%))

Step 11: Then comparing the coefficient of T(w?) then we
get

1 -
Gy =€ fFy + ?Z c, }'9
L oml
and
1 1 &
o =¢ 8 + ;Caﬁ: + ;Z[C|_=_:| = Clo) 18.
= < fml
=125
Using the equation 21, obtained the numerator parameter.

#=1
N(T(a*)y=72 a.T., (22
Step 12: The numerator parameter converts in model
parameter by equation 9 and 10 as:

ﬁ'(ml)=f[ (@* - Z,)

km]

o3y

. L. (23)
Ni(s) = Z g5
k=0
Step 13: now consid(ir the gain adjustment factor
D(s) 5
W= =1/G(s) 2
T G) o o @9

Finally, we obtain the transfer function of the reduced order
model.

G(s) =w.G(3)

5. Improved Pole Clustering

Sinha and Pal [3] used the inverse distance measure(IDM)
criterion for solving the pole clusters from the poles of the
original system. The poles of the higher order system may be
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all real, all imaginary or a combination of complex poles. It
solved individually as equation 8. Follow this step of
modified pole clustering techniques:

Step 1: first, solve pole centers

P -1
P. =[? )2 —1-|p_.|!+sr}
|_‘_ iml ___.

(26)

Step 2: Set c=c+1
Step 3: Find a modified cluster centre from

- - -1
i =1 -1 1
p.=|l —+ —— =2 7

|:Il.‘_ |p] | p.:—] __.'I :| [ }

Step 4: Is k=c? if No, and then go to step 4, otherwise go to
step 5.
Step 5: Modified cluster centre of the k™ cluster as px = pc

Where k is the number of pole, p is value of pole and p. is
pole cluster center. Pole is arrange in ascending order as

[P<|<Ipa2l<[ps|< ... | Pul-

6. Numerical Example

Consider aeighth order model [14].
1857 +5145® +50825° +36380s* +1226645°
+222088s% +1857605 + 40320

57365 = 5465° + 45365° + 224405+ 672845
+1181245° +1095845 + 40320 (28)

G(s)

CHEBYSHEV AND FCM CLUSTERING:

It is reduced by Fuzzy C-Means clustering and Chebyshev
polynomial. Use the steps for obtaining reduced model.
Follow us:

Step 1: Pole of the system G(s) is -1,-2,-3,-4,-5,-6,-7,-8. The
Denominator is reduce by fuzzy C-means clustering. Then
pole of reduce system is -2.3984, -6.6024.

D(s)=5"+95+15.835 (29)

Step 2:written in the form of complex conjugate.
Dp*)=0*+49 3440 + 250 751 (30)
Expanded denominator polynomial into Chebyshev

polynomial by equation 11 is
BiT(@*) =0.125T,(@*) +25 172 T, (& ") + 275 8T,(a")
(31)

Step 3: The complex conjugate of theoriginal net order
system can be expressed as an equation (16)

@™ +557eTa" +7 76el40™ +1.081dTa® +
5442¢180° +1.1924e200* +9.7%200" +9.873e19
@' +2040™ +164220" +660188™ +1 474270
+1.737e8a° +1.0200* + 2 4830p" +1 62620

G(a")

(32)

Expanded in Chebyshev polynomial as

633207 (") + 5526207 () +1.595 9T (@) +
17686 T, () +8.5961 4T, (%) + 1. 5131 2T, (%) +
29T (&) +1 22— AT (&)
330707 (c" ) +1 8389L (") + L629eT,( ) +
641667, (@) + 1287564 (&™) +1405.5T, (&) +
8.37T, (") +0.0234 () +3.052e— 5T (&)
(33)

The function G(w?) is expanded into power series
G(s)=19.1977 £l0T, (@ ) + 6 0185 10 T, (@) —
3.8087 6107, (9) + 1. 788607, (2°) — 8.187 97, (07).
(34)
Then comparing the coefficient of Ti(w?) by equation (20)
and (21) then find numerator polynomial
N(T(@*)= 21.43¢12T, (@%) +52047¢12T, (@)
(33)

G (@) =

Translated into model parameter by equation 23 as
N(o?)=42863el20? +31.515 el2

- (36)
N(s)=0654T7 265+ 56138 a6
Now we are finding gain adjustment factor by equation (24)
obtain as:
W =15.8352/5.6138e6 = 2.821e-6
We got transfer function of the reduced order system

~ . 1846765 +15835
G =)= Tses. @9

@37)

CHEBYSHEV AND IMPROVED POLE CLUSTERING:
We consider same example and numerator reduce by
Chebyshevpolynomial, anddenominator reduces by pole
clustering method. Then pole of reduce system is
P,=1.0637
P,=5.1327
D(s)=5" +6.1964 5+ 5 4597 (39)
The denominator converts in Chebyshev for obtaining the
numerator by same above method:
D(T(0%)=0.125T,(0%)+14 2387 (0%) + 43 92T, (0*)
(40)
By equation (15), expanded in Chebyshev polynomial as
G(T(@"))=0.352T, (@*)-0.086 1T, (@ ) +0.0198T, (@*)
—0.0048, (@) + ... (41)
Then comparing the coefficient of T,i(w?) with equation(34)
by same above methods
N(T(@?)) =5.3767212T, (@) + 8 431621 2T, (0*)
(42)
N(5)=327965+1.74826  (43)
Translated into model parameter by equation 20 and 21 as
-~ 2415+ 545
&(s) = — 10 241 5+ 5 4597
5 +0.1964 5+ 5 4597
We got transfer function of the reduced order system

(44)
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Figure 1: Comparison of Step responses of system

7. Comparison of Methods

The performance comparison of both the proposedalgorithm
is given in Table 1.The step responses of both reduce order
models are compared with the original model are shown in
Figure 1.In theTable 1,comparingthe integral square error of
transient part of step response isin between original and
reduced order models. The ISE is

ISE = _[:, [y, @ ~y, @) dt (45)
Where y, and y, are unit step response of original reduce
order system respectively.

8. Conclusion

An algorithm which combined the advantage of two systems
with Chebyshev polynomial, one is fuzzy C-means clustering
and other is improved pole clustering. This methodchecked
by an example, which reduced the numerator by Chebyshev
polynomialand denominator reduced by Fuzzy c-means
clustering. Now the second method apply on same example,
which reduced the numerator by Chebyshev polynomial and
denominator reduced by the improved pole clustering
method. The Result ofStep response and ISE error show in
figure 1 and table 1respectively. ISE of pole clustering
method is minimum than fuzzy c-means clustering method.
Reduced order model obtaineed is stable, mathematically
simple, as well as in quality.

Method of order Reduced model ISE
reduction
FCM o i 5
WEME | 184676515835 | 0240
Gls)=— ——
5 +0s5+15.835
Improved Pole cac 0467
clustering 5{5} — 102415+ 54597
5 +0.19045+ 54597
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