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ABSTRACT: Time moments (TM) & Markov’s parameters (PM) are combined with Eigen spectrum analysis using
approximate reduced order system. Original higher order systems are compared to study the performance. The
proposed method guarantees stability of the reduced model if the original higher-order system is stable and is
comparable in quality with the order of other existing methods.

Three reduction methods are studied and analysed. The methods are illustrated using 3 and 4™ order
numerical examples.
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I. INTRODUCTION

The problem of reducing a higher order system to a lower order system is the need of the hour. This has been the
subject of much research because higher order systems cost high and take extremely large computation time, thereby
making reduction techniques more than necessary. The reduction technique is to define a model of reduced dimension,
retaining the main physical aspects of the initial system and also ensuring stability. In our work, we study a technique
for order reduction of large systems that combines time moments, Markov’s parameters and Eigen spectrum analysis.
Therefore, by comparing this approach with the well-known existing matching moments, interesting results are
obtained, as it is shown by Step and Impulse response in MATLAB 9.1.

Il. RELATED WORK

¢ MATHEMATICAL CALCULATION FOR TIME MOMENTS AND MARKOV'S PARAMETERS:
e For 4™ order system: matching two time moments & two Markov's parameters and one Markov's and
three time moments to reduce the system G,(s)
G.(5) = a,s’+a,s* +a,;s+a,
" s*+bs® +b,s* +b,s+b,

e For higher order system:

Time Moments- Markov's Parameters-
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e For reduce order system:
a,s+a
Gr (S) = 2—.2. ......................... (2)
s“+bs+b,

Time Moments- Markov Parameters-

. a.
t 2
1 b2
t'2 a:;_ _'tlbl Ml = al
b, Mz =a, — Mlbl
t3 — _ tl blt2

e For 3" order system:Matching two time moments & two Markov's parameters and one Markov's and
three time moments to reduce the system G,(s)

a,s> +a,S+a,
G ()= . 3
() s® +bs® +b,s+b, ®

e For higher order system:

Time Moments- Markov Parameters-

Y
' b, Mlzal
a, —tb
tz:% M, =a, -Mb,
3
t _al_tlbl_thZ
3 =

e For reduce order system:
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Time Moments- Markov Parameters-
. a.
t,=—*% S
b, Ml =q
. a —tb . . C
tzz% M2 =a2—blMl
2
té — _tlk;bltZ
2

e EIGEN SPECTRUM ANALYSIS USING TIME MOMENTS AND MARKOV'S PARAMETERS:

o Eigen Spectrum Analysis:
Let the transfer function of the high-order system (HOS) of order ‘n’ is

G.(s) = N(s) _ b, +bs+ 0,5 + it +b, s™ )
D) (+A4)GE+A,) i+ A4,)
Where — A4, <=4, < —Aguunee < —A, are poles of HOS and that of low-order system (LOS) of order
T’ 18!
2 n-2
G, (s) = d0+dls+ld23 + """" “LdnTZS ................................... (6)
. ' (s+ﬂl)(sTL12) ..... 6+4,)

Where, — A4, <=4, <........ < —A4, are poles of LOS.

I1l. PROPOSED ALGORITHM

(a) Draw the Eigen spectrum zone (ESZ) of the HOS as shown in Fig. 1

(b) If poles - A; (i = 1,n) are located at — (Re A; = Im\;) (i = 1,p) within the ESZ, then the two lines passing through
the nearest (Re A;) and farthest (Re A,) real poles when cut by two lines passing through the farthest imaginary
pole pairs (xIm(max)) form the ESZ.

(c) To obtained pole centroid and stiffness of higher order system, pole centroid is defined as the mean of
real parts of the poles and is expressed as,

A, = T 7

System stiffness is defined as the ratio of the nearest to the farthest pole of a system in terms of real parts only
and is written as

(d) Determination of Eigen spectral points of LOS: If A, and A are pole centroid and system stiffness of LOS

such A', that and ;‘-s, then following situation arises
2 Re A, +Re A, +....... +Re 4

m — *m

p

A .
Re A

Where A (i=Lr) are the poles of LOS located at—(Re 4, =ImA)i=1p

Now if,
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Red, —Re/4, M

p-1
i.e. Re M';1+M=Rel',, Re A', + M = Re A'5 and so on till

Relp1+ M = Relgthen Eq. (5) can be put as

3 Red, +Rel, +(Re4, +M)+(Red, + M) +......4+(Red, ; + m)

;Lm
p
or
N:ReReﬂ‘l(p_l)_'_Re/’ip_'_QM ........... (11)
whereN = 4, ,andQM =M +2M +....... ® —2)M.

By putting Re/ﬁ = A, Reﬂ,'p Equation (8) and (9) will be as under:
Re 2, -4, Re A, =M(p' -1

............... (12)
A, Re A, (p—1D)+Red, +QM =N
Equation (10) and (11) can be put as,
Rel,Q1-4)+M@—p)=0
ReA,[2,(p—1D)+1]+MQ=Q
ﬂ’s(p_l)+1 Q
[Reflp]: i R (13)
(l_ﬂ’s) (1 _p) M

Equation (12) can be solved for Reﬁ,'p and M enabling thereby to locate the Eigen spectral points (ESP) as
shown in Fig 1.and denominator equation can be written as:

D(S) =€, +€,S+€,5% +ervrerns e +e, 8"

+ Im(max) A N N N N N N N N N AN NN .‘T

Q¥

R o I S s M e e A S e R

Fig.1 Eigen spectrum zone (ESZ) of HOS
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Fig.2 Eigen spectrum zone (ESZ) of LOS
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Fig.3 Eigen spectral zone (ESZ) of LOS

e Time Moments Matching Method:

Order original system given in equation (5) is equated to the ™ order reduced model represented by the
equation (6)

2 n-1 2 n-1
a,+a,;s+a,s” +.....+a, ;s _ d,+dis+d,s +........ +d, s 14)
5 ) . > o B ORI
b, +bs+b,s” +......... +b, 8" +bs" e +este,s +......... +e, 8" "e,s
On cross multiplying and rearranging the equation (14)
ae, +(a,e +ae)s+(a,e, +ae +aye,)s’ +.... +a,,es" "™ =bd +(b,d, +bd)s+.. +b,d, ;5"

................. (15)
Equating the coefficients of the same power of s on both sides in the equation (15), the following relations are obtained:

aOeO = bodo

ae +ae,=bd +bd,

a,,e.=bd

n"r-1
By solving above equations, the unknown values of reduced order transfer function in form (2) are calculated with the
help of constant term e,

V. PSEUDO CODE
¢ NUMERICAL APPLICATION
There are two numerical examples of 4™ order and 3 order. Performance analysis of higher order and reduced order
systems by Time moments, Markov’s parameters and Eigen spectrum.
Example 1. Consider the 4" order system by Avadh Pati et al.
s3+7s*+24s+24

G e 17
() = T 1057 1 3557 +505 1 24 )

¢ For two markov’s parameters and two time moments reduced system — For better matching we have
toconsider: M, = M,,M, =M ,andt, =t,,t, =t,.
Then, reduce order system will be-
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s —192.77

G =
2(8) = 2 507775 —192.77

For one Markov’s parameters and three time moments reduced system — For better matching we have
toconsider: M, =Myand ; ; , 5 5 4.
Then, reduce order system will be-
s +0.249
G,(s) =

s +1.269s5 +0.249

e 07.2)

For time matching moments reduced system — For better matching we have to consider: A, = /1'," and

A, = A, .Then, reduced order system will be-

Example 2.Consider the 3" order system by Katsuhiko Ogata.

25% +55%2 +35+6

G.(s) =
(%) s2+6s52+11s+6

For two markov’s parameters and two time moments reduced system — For better matchingwe have
toconsider: M, = M,,M, =M ,andt, =t,,t, =t,.
Then, reduce order system will be-

2s+3

Ga(s) = s> +55+3

For one markov’s parameters and three time moments reduced system — For better matching we
have to consider: M, = M and { ={ ,t, =t ,t, =t,
Then, reduce order system will be-

25 +1.515

G f—
0= 2 35171515

For time matching moments reduced system — For better matching we have to consider: A4, = /I'm and
A = /1;

Then, reduce order system will be

0.03s +2.97
s2+3.99s+2.97

G,(s) = .o.n(18.3)
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V. SIMULATION RESULTS

In this present work, two higher order systems have been taken into consideration. In order to make the higher order
system into a lower order system, Time moments, Markov"s parameters and Eigen spectrum analysis have been
employed to reduce the complex system. A comparative study shown by fig.(4), fig.(5), fig.(6) and fig. (7) Using
MATLAB 9.1 shows the results to be almost same and improved.

A comparison between 4" order original system and
reduced order systems of step responses is
shown Fig.4.

A comparison between 4" order original system and
reduced ordersystemsof impulse responses is shown
Fig.5.
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Figure 4 Step response of original system and reduced order system

A comparison between 3™ order original system
and reduced order systems’ of step responses is
shown in Fig.6
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Figure.6 Step response of original system and reduced order system
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Figure 5 Impulse response of original system and reduced order system

A comparison between 3" order original system and
reduced order systems’of impulse responses is
shown in Fig.7
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Figure.7 Impulse response of original system and reduced order system
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V1. CONCLUSION AND FUTURE WORK

A mixed method for order reduction based on Time moments, Markov’s parameters and Eigen spectrum analysis is
studied. This method produces stable reduced models from stable higher order system. In the proposed method used the
time matching technique allows matching of the step and impulse response is quite good. The poles are synthesized by
eigen spectrum analysis and zeros are determined by time matching. The method is simple, robust and takes little
computational time. The comparison between the proposed and other well-known existing order reduction technique is
shown. The study establishes proposed method comparable in quality with other existing techniques of model order
reduction.

The model order reduction techniques (MORT) based on the mathematical calculation, can be further improved by
considering different cases of matching moments. Reduced model order parameters make the system stable and
developed. Lack of time and difficulties in industrial areas, made it difficult to apply it to higher order system. Using
different MORTS in near future, there is possibility to develop and analyse system performance.
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