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Abstract

An order reduction method has been proposed farciad the order of the large-scale dynamic systetmsre denominator
polynomial determined through Eigen algorithm anagnerator polynomial via factor division algorithim. Eigen algorithm,
the most dominant Eigen value of both original aaduced order systems remain same. The proposesti migthod confirm
stability of the reduced model if the original ®ystis stable and has been also compared in quetiyother existing model
order reduction methods.
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1. Introduction

Any physical system can be transformed into a nm#ttieal model. The mathematical transformationhef $ystem modelling
often clues to comprehensive description of a o in the form of differential equations of higtder which are very difficult
to use either for design or analysis. Hence, duitable and sometimes needed to find the optidkésoovery some new similar
equation but of lower order type can be considévaéflect the principal characteristics of thegoral system. Abundant methods
are accessible in the literature to reduce therooflelynamic systems in frequency and time domaiMahmoudet al. 1981,
Mittal et al. 2004, Mukherjeeet al. 2005, Mukherjeeet al. 1987 etc. Further, some methods have also beemreended by
merging the features of two dissimilar methods (Miakarmaet al. 2008, Dolginet al.2003, V. Singtet al. 2004). Pakt al. 1995
proposed pole-clustering method using Inverse wigtaneasure [IDM] criterion and time moment matghiMishwakarmaet al.
2011 modified the method of Pat al. 1995 by an iterative method [IM], the complexitytiwthese methods (Pat al. 1995,
Vishwakarmaet al. 2011) is in selecting poles for the required dustentre. S. Mukherjeet al. 1996 has suggested an order
reduction method through Eigen spectrum analysigres system stiffness and pole centroid of theimalgystem and reduced
order systems are retained to acquire the redudel gystem model. Further, Parnedral. (2007) has proposed a method by
combining Eigen spectrum analysis and factor divisilgorithm to fix the denominator and numeratolypomial respectively.
Sometimes difficulty with the developed methods Kierjeeet al. 1996, Parmaet al. 2007) is equalization of system stiffness
and inclination to turn into non-minimum phase.

Each method has merit and demerit when applied oertain dynamic system. Major numbers of methadsoffered in the
literature but no method repetitively gives thetbastcomes for all systems. In the proposed wotkh@s have taken pole
directly from the Eigen algorithm while the zera® aetermined through factor division algorithmadiatain the reduced order
system. Proposed mixed method diminishes the difficof non-minimum phase in the reduced models. ohder reduction
procedure is unassuming and computer leaning.

2. Statement of the problem

Consider the transfer function of original high ergystem of the ordeéin' is
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N(s) _a +as+ a,8% + .o +a,_4S W
D(s) b +bis+b,s? +......b,s"

G(s) =

Wheresg, (i = 012....n-1) andb, (i = 01,2...,n) are identified as known scalar quantities.

Consider the transfer function of the reduced ordedel of the order ‘kis

N, (s +CSHCS + . F Gy ST
Rk(S)= k():co GStC S Gk (2)
Dy (s) dy+d;s+d,s”+......d,S
Whereg; (i = 012... k -1) andd; (i = 012... k) are identified as unknown scalar quantities.

The prospective of this paper is to develop theiced order model of form (2) form original high ercgsystem (1) such that it
retains the important features of the original eyst

3. Description of the method
The order reduction procedure has been elalbtiateugh simple steps.

3.1 Determination of DenominatorReduced order denominator using Eigen algorithmestioned in figure 1 with appropriate

computer oriented algorithm. -
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Figure 1. Eigen Algorithm

3.2 Determination of NumeratoReduced order numerator using factor division algor of T.N. Lucaset al. 1983 is stated

below.
The reduceck™ - order system function is considered as
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_ Ng(9)
R¢ (s) "B (3)

Where Dy (s) is determined through Eigen algorithm awg(s) is designed by matching firk— terms of series expansion
abouts=0 of G,(s) and R, (s) .

Gy (s) can be considered as

N (8) %Dy () _ Nn(8)* Dy (S)/ Dy (8) @)
Dy (8)x Dy () Dy (9)

Gn(s) =

Therefore, reduced order numerator mohgl(s) of the R, (s) may be given as

n+k-1 .
> a;s
Nn(9xDi(8) _ i (abouts=0, up tosk™) (5)
D, (s) ibi s
i=0

This is can be performed with the help of Routtureence formula assumed as follows:

¢ = ag <ao a K aygq
bg \bp b K by
¢ = Bo <ﬂo b K i
bg \bp b K by
¢, =10 <Vo i K ¥ies
bg \bo by K bys
MM (6)
MM
Ck-2 :u_0<uo N
bo \bo by
Vo /V.
Ck-1= i<b§
Where
Bi =i+ —Cobj i=012K k-2
Vi =B —Cbin i=0L2K k-3
M (7)
M

Vo = Uy ~Ck—2by
Therefore, reduced order numeratég (s) may be expressed as

Ny (S) = Co + C1S+CpS2 +K +¢qsK™? (8)

4. Numerical Examples

Authors have considered three numerical examptes the literature to make sure the algorithm ofgheposed method. All
examples are solved in details to find the secad@roreduced model. Performance error indices (REE)ntegral of square of
errors (ISE) as well as integral of absolute e(tBE) have been mentioned in MATLAB environmentsioow the goodness of

proposed method.
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ISE :T o, @) -1, 0] dt; ©

IAE= T\gij (t) —r; (0|t (10)
0

Where,gij (t)and i (t) are the step responses of high order original sysied reduced system respectively.

Example 1
Consider a system of sixth order taken from Mahmetual. 1981.
2 +35" +165 + 205" +8s+1
G(s)

28 +3368° +15505" +2095° +1024<% +1835+1

Poles of the system are-(.1,-0.2,-05,-1-5& -10). To find second order system, required polesateulated using Eigen
algorithm as shown in Section 3.1.

Py =-0.1 and p,, =-168
Therefore, denominator for second order reducedefrisdvritten asD,(S) = s? +178s+0.168

Numerator coefficients are obtained using Secti@a3 follows

0168 3.124
a,=0.16
1 183

0.0496
a, =0.04
1

So, numerator for second order reduced model aindd as

N, (s) = 0.04965+0.168

Finally complete Second order reduced model isinbtbas

N,(s) _ 0.0496s+0.168
D,(s) s%+1785+0.168

Ry(s) =

The unit step response for the reduced model Rg(s) and original modelG(s) is shown in figure 2. Also, error index ISE,
IAE is calculated between transient portions ofuet order model and original high order modelraswvs in the Table 1.
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Figure 2. Step response for Example 1 Figure 3. Step response for Example 2
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Table | (Comparison of the Proposed Method)

Reduction Methods Reduced Model ISE IAE
Proposed Method 0.0496s+0.168
Ry(s)=— 0.003 0.1396
s +178s+0.168
Vishwakarmeet al. 8s+1
R,(s) = 0.843 0.223
2009 2 008056 +16.22545+1
Vishwakarmeet al. 1008048 +1
2009 Ry (s) = > 4.009 22.65
100.805s° +16.2254s+1

Example 2
Consider a system from Smigt al. (1995) of fourth order as mentioned in transfer fiamcform.

28s® + 49652 +1800s + 2400

2s* +36s° + 204s? + 3605 + 240
Poles are(-1.1967+ j0.6934) and (-7.8033+ j1.3576)

G(s) =

To find second order reduced model, the pole clustetres are obtained via Eigen algorithm as follows.

Repy =—-11533 and Im py =-0.7554

Using Section 3.1 and Section 3.2, the second oedlerced model can be written as

8.808+19.0083
s? +2.306€s +1.9007

The unit step response is plotted in figure 3 for g#uced model and original model also ISE and |AEaisulated between
transient portion of reduced model and original n@deshown in the Table II.

Ry(s) =

Table Il (Comparison of the Proposed Method)

Reduction Methods Reduced Model EIS IAE
Proposed Method Ry(s) = 28'8085+19'0083 0.371 0.9758
s +2.30665+1.9007
1371048s+ 2400
Vishwakarmaet al. 2009 R,(s) = > 1.763 2.597
201s“ +317.1498+ 240
9.046283+13.043478
Krishnamurthyet al. 1978 Ry(8) =— 1.208 2.265
s +1.70132%+1.304348
R, (s) = 22.532255%+11.90362
Prasackt al.2003 2 <2 +314599%+ 1190362 2.743 3.371

Example 3

Consider a system from Shamaehal. 1975 of an eight-order described as

18s’ +514s® +59825° + 36380s.% +122664°% + 2220882 +185760s + 40320

s® +36s’ +546s° +45365° +2244%* + 672845 +11812452 +109584 + 40320
The poles are:(-1-2,-3-4,-5-6,-7,-8) To find second order reduced model, the requirelg ptuster centers are as.

Py =-1 and p, =-45

Now using Section 3.1 and Section 3.2, the compkdaced order model may be written as.
14.009%+ 45
s +5.55+45

G(s) =

Ry(s) =
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The unit step responses are plotted in figure 4Hereduced model and original model, also emdex ISE & IAE have been
determined between the transient portion of redusedel and original model as shown in the Table Il

Table Il (Comparison of the Proposed Method)

Reduction Methods Reduced Model ISE IAE
14.0097s+ 45
Proposed Method R, (s) e B — 0.001 0.128
s°+55s+45
24.1142%+8
Parmaret al. 2007 R,(s) = — 0.0048 0.3007
S°+9s+8
11.390% + 4.4357
Mukherjeeet al. 2005 Ry () =— 569x1072 0.4572
s +4.2122%+ 4.4357
. 7.0908s+1.9906 _
Mittal et al. 2004 Ry(8)=——F——— 2.689x1071 0.8054
s +3s+2
. 7.0903+1.9907 )
Mukherjeeet al. 1987 Ry(8)=——F—7— 2.689x107t 0.8054
s +3s+2

Step Response

[2=]
A

Sth Order original svstem

.| s 2nd Order redueed svstam

[ =)

Amplitude

[==]
1

[

=]
¥
[
"
.
LA
[=
1

Time (sec)
Figure 4. Step response of the reduced model and origindeifor Example 3

5. Conclusions

The authors have presented a mixed method teceethe order of original high order system hasimgle input single output
(SISO) system. In the proposed method, the redooger denominator polynomial is determined usingeialgorithm while the
numerator coefficients are determined via factersibn algorithm. The method has been deep-rootethiee existing examples
taken from the literature. Time response of redunedel and original model are compared graphicatig mention in the figure
2, 3 and 4 respectively. From the above comparjsbis concluded that the proposed method is ieffic simple, and computer
oriented also confirmed the stability of the redlioeder models, if original high-order model iskdéa The proposed method has
been compared with some existing order reductiothous using performance error indices, i.e. ISE l&kd
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