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A combined method making use of the advantages of the Mihailov criterion and factor division is presented. Th
method is illustrated via a numerical example. Comparisons with the results in the current literature are given. Th
unit step responses of the original system with the reduced models are drawn using MATLAB software package
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INTRODUCTION k-1

Systems of practical importance are often of high dimensiona- Z ¢ s

lity. Quite often it is always desirable to represent such systemg (s) = N (8) _i=o )
by models of low order for the purpose of computer simulation Dy (s) k i

and/or control system design. The purpose of approximating a Z §S

high order system into a low order model is, therefore, of consid- i=o

erable interest. whered; (0<i < k- 1) andg (0<i <Kk) are scalar constants.

A wide variety of model reduction methods have been proposgglhis paper, assuming the original system described by equation
by the several authors in time domain, frequency domain, o{8, the problem is to find a reduced order model in the form of
combination of both. A large number of text books and researgauation (2) such that the reduced model retains the important
monographs exclusively devoted to this topic aloheThe pur- characteristics of the original system and approximates its re-
pose of this paper is to present a mixed method in which tsgonse as closely as possible for the same type of inputs.
denominator of the reduced model is obtained by using MihailRX THOD OF MODEL REDUCTION

criteriori’ and then the numerator of the reduced model is found )

by using the factor division methdd The results are compared 1 NiS method consists of two steps.

with those obtained by Routh approximation mefftaodi Routh- Determination of the Denominator of the Reduced Model

Hurwitz array methot The procedurkfor determining the reduced denominabyr(s)

STATEMENT OF PROBLEM is briefly described below :

) ) o ) o _ Substitutings = jwin D (s) and separating into real and imagi-
Consider amth order linear time invariant dynamic smgle—mputnary parts, gives
single-output (SISO) system described in frequency domain by ’

the transfer function. D (jw) =bo+ by (jw) + b2 jw)* +. .. ... +b,_, ()"t
n-1 +bn(j(*))n
NS > as =(b-bw’+bsw'—......)+j(bw- b’
:_S:L +b5()05—.......)
G(s) DE ~ " | )
> bis = 0@ + )Y () &)
i=o where

whereg; (0<i<n-1)andb; (O<i<n) are scalar constants. ~ @ is the angular frequency in rad/sec.

Setting @ (w) =0 and Y (w) =0, the intersecting frequencies

The correspondinkth (k < n) order reduced model is of the formwoz 0,40 Gy . ... ... %0, are obtained wherey <
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Ew=a-—a +teaw —....... Computation of Time Moments

and Following Lucas the time moments; (0<i<t- 1) are deter-
3 5 mined as :
Nw =eaw-aw +6&w —......
— =1
If the reduced model is stable, its Mihailov frequency charac-Nt (8 Dk () = (@0 + ais + ....... + 8-, Y
teristic must intersedt times with abscissa and ordinate alter- (& + &5+ ...... + q_lsk'l + eksk)
nately in the same manner as that of the original system. In other
words, Kk roots of§ (w) = 0 andn (w) = 0 must be real and = Po+ piSH....... P ST
positive and alternately distributed along thaxis. So, the first * Prak k-1
+ -

k intersecting frequencies Oy, Gy, ....... ,wy —, are kept !
unchanged and are set to be the rootsg ¢b) = O and and
n(w =0 D) =by+bisS+....... + b, ST
Therefore, + by, 8"+ b,

E(w):Al(wZ_uﬁ)(wz_uﬁ)(wZ_uﬁ) ©) GOIEI:&Z pr ... ... . Pt-1

N = Mo - o) (@F - ) (6) B B0 by By
where the values of the coefficiedtsandA, are computed from ¢, = Y [ﬂz gl ...... G -
@(0) = & (0) andy (wr) = n (o), respectively. bo Lo T2
Putting these values @f andA; in (5) and (6) respectively, q, = %Z [&1 Fbll - [)tt—s (10
¢ (w) andn (w) are obtained and (jw) is found as : Y -3

DL () = £ (@) + n (@ ()
Now replacingjw by s, the kth order reduced denominator " "
Dy (9) is obtained. G-z = 0 bi
Determination of the Numerator of the Reduced Model Vo Yo

O _
After obtaining the reduced denominator, the numerator of the =17
reduced model is determined, so thattheorder reduced model |, a0
R (s) retains the firstt* time moments and Markov parame-

ters of the original system where m = k. G = Pi+y = Gobyy, Osist=2

Now, from (1), the numeratd¥(s) of the original syster®(s)is i = G+, — dibj4, 0<i<t-3 11)

N(S) = N (S + Np(s + N, (9 (8) e
Where ...........................

- Vo = U — Ot_,b
Ne(S) = @ + @S+ .......+a_,5 * oo T2l
Nt g-2 e Computation of Markov Parameters
= a,_,S "~ ta,_,S “Ht...... + a,_ . .

Nm () = an-;S° “+a3-, * & -m?3 Following Luca&the Markov parametefs (1 < i < m) are deter-
and mined as :

N (S = s + a4, +....... +a,_m_, S M Ny (9) D (9) = (ap—, 8" '+ a,_,8" 2+ .....

n- k-1
Then the original syste@ (s) may be written as T 8-mS " (eksk T &-1S
+ ..., +es+ e
N© _ N(© , Np® . N
G(s = = + + 9
© D(s) D(s D (s D (9 © :gl§“+k‘l+gzs”+k‘2+ _____
- i +ggtRTm L + gi-m
Out of whichN; (s)/D (s) andN,,, (s)/ D (s) contribute to compute Oms — t ... Ok+m
the first t' time moments andnY Markov parameters, respec- gng
tively, to be retained in the reduced model.1$qs)/D (s) may
— -1 -m+1
effectively be ignored for the reduction purpdses D(9) =bys" +by_y8 "+ ... F by, S
+ ...+t bis+ b
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Table 1 Comparison of methods

Method of Reduction Reduced Model Output at = 10 sec Cumulative Error J' at 10 sec

Proposed mixed method witlr 2 andm=0 Ri(s) = 11.903620r 22.532258 0.99754350E + 01 0.19215930E + 01
1.190362+ 3.14599% + &

Proposed mixed method wittr 1 andm=1 R3(s) = 11.903620+ 14.000008 0.99291550E + 01 0.81149060E + 01
1.190362+ 3.14599% + &

Routh approximation method RS (¢ = 12333340 10.000008 0.99995990E + 01 0.70031330E + 03
1.333334+ 2.000008 + &

Routh-Hurwitz array method RE (9 = 15043478 9.046288 0.99996710E + 01 0.68032950E + 03
1.304348+ 1.701328 + &
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