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Abstract:In this paper a new model order reduction technique is proposed for the order reduction of 

linear dynamic systems. The reduced order models obtained by the proposed method are always stable if 

the original system is stable. The denominator coefficients of the reduced model are obtained by the 

preserving of dominant poles of the original system and the numerator coefficients are computed by using 

a simple mathematical algorithm discussed in the proposed scenario. The proposed method guarantees the 

retention of fundamental features of the original system such as steady state and transient responses.  The 

accuracy and superiority of the proposed method are shown by using various numerical examples taken 

from the literature. The proposed method is also validated with the help of a real timeflexible-missile 

control system. 

Keywords:Dominant poles algorithm; order reduction; reduced order modeling;stability; transfer 
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1. Introduction 

For the analysis and design of large scale systems, the computer simulation is a necessary step [1]. The 

exact mathematical models of a higher order system tend to be large and therefore their computer 

simulations are computationally expensive. The accurate and reduced models of the large scale systems 

can help fasten their simulation and analysis. The model reduction is a promising method which reduces 

the order and complexity of higher order mathematicalmodels while retaining their fundamental 

characteristics [2]. 

Mostly model reduction techniques have been proposed to ease the analysis and control ofthe higher order 

systems [3], [4]. In [5], model reduction has been applied to measure the thermal conductivity and the 

volumetric heat capacity of gases of thermal micro-sensor. Sikander and Prasad applied the model 

reduction technique for the design of controller in two wheeled mobile robot [6].  For reducing the 

computational cost concerned with evaluating frequencyresponses of antennas and microwave devices, 

model compression methods such as the reducedbasis method, or model simplification method are used in 

[7]. In electromagnetic field, model order reduction techniques are widely used for the various 

applications such as,reduction of time consumption forbroadband computation of parameter sweeps 

concerning rigid body motion [8], generation of equivalent circuits of electromagnetic devices [9].In [10], 

[11], discussed the application of model order reduction techniques in power system. Model order 

reduction techniques are widely used in the control systems for the design of controllers [12]-[14]. 

To date, various model reduction techniques have been proposed, in frequency domainsuch as Pade 

approximation [15], Routh approximation [16], Routh stability [17], stability equation [18], pole 

clustering [19] methodsand in time domain, balanced truncation [20], singular perturbation 

[21],aggregation [22], Krylov subspace [23], Hankel norm [24], [25] methods. On the basis of these 

techniques several mixed methods are proposed in frequency domain [26]-[30] and in time domain [31]-

[33].Among these methods, mostly model order reduction methods are based on the retention of dominant 

poles of original systems in the reduced model such as [19]-[22], [34], [35]. Because the dominant poles 

of the dynamical systems are used to control their performance and non-dominant poles are used to ensure 

that the transfer function of controller can be realized by physical components [36]. On the basis of 
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preservation of dominant poles of original system in the reduced model, several mixed model order 

reduction technique have been proposed [37]-[40] 

The main objective of this contribution is to propose a new model simplification technique for the linear 

dynamic systems. In this method, the denominator polynomial of the reduced model is obtained by modal 

method [38] and the numerator coefficients are calculated by a simple mathematical algorithm discussed 

in [41]. Since the denominator polynomial is obtained by modal method, which preserves the dominant 

poles or desired poles. Therefore reduced models are always stable if the original system is stable. Due to 

the preservation of dominant poles of original system in the reduced model, the lower order model 

guarantees the preservation of transient response of original system in the reduced model. The numerator 

of reduced model is obtained by a simple mathematical algorithm which guarantees the preservation of 

steady state value of original system in the reduced model [41]. Therefore the proposed method 

guarantees the retention of stability, steady state and transient responses of the original systems in the 

lower order models.  

The proposed technique is very simple compared to other existing model reduction methods with less 

restriction. The minor difficulty of this method is that it requires to determine the dominant poles of the 

large scale system for the computation of reduced models. The truncation method  is the only easier 

method compared to the proposed method but this method has two major limitations, it guarantees the 

stability of reduced model up to the fourth order reduced model and applicable for certain types of higher 

order systems [42]. The remaining paper is arranged as: in Section 2, the proposed objective of the paper 

is discussed for single input and single output (SISO) as well as multi input and multi output (MIMO) 

systems. The proposed method is explained in Section 3. The proposed technique has been applied on 

various numerical examples taken from the literature for the illustration and validation of presented 

technique in Section 4. The conclusions and future scopes of the proposed method are drawn in Section 5. 

2. Problem Statement 

Consider an 𝑛𝑡ℎ-order transfer function of higher order SISO linear time invariant (LTI)systems 

𝐺(𝑠) =
𝑁(𝑠)

𝐷(𝑠)
=

𝑑0+𝑑1𝑠+⋯+𝑑𝑛−1𝑠
𝑛−1

𝑒0+𝑒1𝑠+𝑒2𝑠
2+⋯+𝑒𝑛 𝑠𝑛

      (1) 

The objective of the paper is to compute the unknown scalar constants of 𝑟𝑡ℎ-order (𝑟 < 𝑛) reduced 

model and its nature and performance are approximately same as the original systems and it is defined as 

the following transfer function 

𝑅𝑟(𝑠) =
𝑄𝑟 𝑠 

𝑃𝑟 𝑠 
=

𝑞0+𝑞1𝑠+𝑞2𝑠
2+⋯+𝑞𝑟−1𝑠

𝑟−1

𝑝0+𝑝1𝑠+𝑝2𝑠
2+⋯+𝑝𝑟−1𝑠

𝑟−1+𝑝𝑟𝑠
𝑟      (2) 

3. Basic Procedure of the Proposed Technique 

For preserving the stability, steady state value and transient response oflarge scale systems in its reduced model 

anew model order reduction technique has been proposed. This techniquecombines a very simple mathematical 

algorithm [41] and dominant pole approach.The proposed technique is described in two steps. In first step the 

computation of denominator of ROM and in second stepthe calculation of numeratorcoefficients areexplained.  

3.1.Procedure for obtaining the denominator polynomial of the reduced order model 

To obtain the𝑟𝑡ℎ order simplified model, 𝑟number dominant poles or 𝑟 number of desired poles of the 

large scale dynamical system are preserved in lower order model and the denominator polynomial of the 

lower order model is obtained as 
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𝑃𝑟 𝑠 =  (𝑠 − 𝜆𝑘)𝑟
𝑘=1         (3) 

= 𝑝0 + 𝑝1𝑠 + 𝑝2𝑠
2 + ⋯+ 𝑝𝑟−1𝑠

𝑟−1 + 𝑝𝑟𝑠
𝑟      (4) 

where𝜆𝑘  for (𝑘 = 1, 2, … , 𝑟) are the dominant poles or desired poles of the higher order original system. 

The poles lying in left-half s-plane and closer to the origin of s-plane (dominant poles) give rise to 

transient responses which will falloffrelativelygradually, while the non-dominant poles comparative to the 

dominant poles which are far away from the origin of s-plane correspond to quickly decaying the time 

responses [36], [37]. 

3.2. Procedure for computingthe numerator polynomial of the reduced order model 

The numerator polynomial of the reduced model is determined by using a mathematical algorithm 

discussed in [41]. In this mathematical procedure, the transfer function of large scale system is compared 

with the transfer function of lower order model.  

𝑑0+𝑑1𝑠+⋯+𝑑𝑛−1𝑠
𝑛−1

𝑒0+𝑒1𝑠+𝑒2𝑠
2+⋯+𝑒𝑛 𝑠𝑛

=
𝑞0+𝑞1𝑠+𝑞2𝑠

2+⋯+𝑞𝑟−1𝑠
𝑟−1

𝑝0+𝑝1𝑠+𝑝2𝑠
2+⋯+𝑝𝑟−1𝑠

𝑟−1+𝑝𝑟𝑠
𝑟      (5) 

After cross-multiplication of Equation (5), equating the same powers of ‗𝑠‘ from 𝑠0 to 𝑠𝑟−1 on both sides 

and it gives ―r‖ number equations. 

 

𝑑0𝑝0 = 𝑒0𝑞0

𝑑0𝑝1 + 𝑑1𝑝0 = 𝑒0𝑞1 + 𝑒1𝑞0

𝑑0𝑝2 + 𝑑1𝑝1 + 𝑑2𝑝0 = 𝑒0𝑞2 + 𝑒1𝑞1 + 𝑒2𝑞0

⁞ 

    (6)  

The coefficients (𝑞0 , 𝑞1 , … , 𝑞𝑟−1) of the numerator polynomial are calculated by solving “𝑟” number of 

above equations in which the coefficients of the denominator polynomial are already computed in step1. 

4. Numerical Examples  

In order to validate the accuracy, effectiveness and superiority of the proposed technique with some other 

popular model order reduction methods, the integral square error (ISE), relative integral square error 

(RISE), integral absolute error (IAE) and integral time weighted absolute error (ITAE) of their lower 

order models are calculated and which are defined as [6], [43] 

 
𝐼𝑆𝐸 =  [𝑦(𝑡𝑖) − 𝑦𝑟(𝑡𝑖)]2𝑑𝑡                            

∞

0

𝑅𝐼𝑆𝐸 =  [𝑦(𝑡𝑖) − 𝑦𝑟(𝑡𝑖)]2𝑑𝑡
∞

0
/  [𝑦 (𝑡𝑖)]2𝑑𝑡

∞

0

    (7) 

 

 
𝐼𝐴𝐸 =   𝑦(𝑡𝑖) − 𝑦𝑟(𝑡𝑖) 𝑑𝑡                        

∞

0

𝐼𝑇𝐴𝐸 =  𝑡 𝑦(𝑡𝑖) − 𝑦𝑟(𝑡𝑖) 𝑑𝑡  
∞

0

  (8) 

where𝑦(𝑡𝑖) and 𝑦𝑟(𝑡𝑖) are the step responses of higher order system and lower order model respectively 

at 𝑡𝑖  time. The final time for the simulation is taken as 100 seconds with a sampling interval of 0.1 

second. 

For illustrating the accuracy and verifying the preservation of important characteristics of large scale 

systems in the reduced models, the proposed technique has been applied on twostandard numerical 

examples. 
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Example 1:Consider the transfer function of a flexible-missile control system containing compensators 

and the rigid body loop, given in [44]-[46] 
𝐺(𝑠)

=
−𝑠6 + 3.06 × 102𝑠5 − 4.96 × 104𝑠4 + 3.577 × 106𝑠3 − 6.303 × 107𝑠2 − 1.246 × 1010𝑠 + 5.906 × 1011

𝑠8 + 52.99𝑠7 + 3.05 × 104𝑠6 + 1.375 × 106𝑠5 + 1.839 × 108𝑠4 + 5.232 × 109𝑠3 + 3.422 × 1011𝑠2 + 2.823 × 1012𝑠 + 1.442 × 1014
 

(9) 

The poles of the original systems are 

0.50 + 𝑗24.59, 0.50 − 𝑗24.59, 22.72 + 𝑗46.29, 22.72 − 𝑗46.29, 1.28 + 𝑗62.46, 1.28 − 𝑗62.46, 1.99
+ 𝑗151.56, 1.99 − 𝑗151.56 

The dominant poles of the original systems are  

0.50 + 𝑗24.59, 0.50 − 𝑗24.59 

By using these dominant poles, the denominator of the second order reduced model is obtained as 

𝑃𝑟 𝑠 =  𝑠 + 0.50 + 𝑗24.59  𝑠 + 0.50 − 𝑗24.59𝑗  

= 𝑠2 + 𝑠 + 605       (10) 

The coefficients of the numerator polynomial are calculated by using Equation (6) and the second order 

reduced model obtained by proposed technique is 

𝑅3(𝑠) =
𝑄𝑟 𝑠 

𝑃𝑟 𝑠 
=

−0.0967𝑠+2.478

𝑠2+𝑠+605
     (11) 

 

Figure 1: Comparison of step responses of original system and its various reduced order models. 
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Table 1: Comparison of various model order reduction techniques with respect to ISE, RISE, IAE and ITAE. 

Reduction technique Reduced model ISE RISE IAE ITAE 

Routh stability and Pade 

approximation [47], [48], 

−2.3535 × 1010𝑠 + 5.906 × 1011

1.8794 × 1011𝑠2 + 1.1903 × 1011𝑠 + 1.442 × 1014
 

5.4693×

10−4 

0.0035 0.1441 0.4195 

Routh stability and factor 

division [49] 

−2.3534 × 1010𝑠 + 5.906 × 1011

1.8794 × 1011𝑠2 + 1.1903 × 1011𝑠 + 1.442 × 1014
 

5.4692×

10−4 

0.0035 0.1441 0.4195 

Routh stability method [17] 4.3787 × 106𝑠 + 5.906 × 1011

1.8794 × 1011𝑠2 + 1.1903 × 1011𝑠 + 1.442 × 1014
 

4.6355×

10−4 

0.0029 0.1232 0.3064 

Modified pole clustering and 

modified Pade [50] 

2.8024

𝑠2 + 1.0788𝑠 + 6.8422 × 102
 

4.0735×

10−4 

0.0026 0.1064 0.1991 

Modified pole clustering and 

FD [51], [52] 

−1.585 × 10−4𝑠 + 2.8024

𝑠2 + 1.0788𝑠 + 6.8422 × 102
 

4.0715×

10−4 

0.0026 0.1064 0.1991 

Modified pole clustering and 

Pade [53] 

−0.1096𝑠 + 2.8024

𝑠2 + 1.0788𝑠 + 6.8422 × 102
 

3.7474×

10−4 

0.0024 0.0960 0.1822 

Pole clustering and Pade [54] −0.3603𝑠 + 9.1013

𝑠2 + 2.4046𝑠 + 2.2221 × 103
 

3.4588×

10−4 

0.0022 0.1041 0.2167 

Improved pole clustering 

method [41] 

−0.1096𝑠 + 2.8024

𝑠2 + 1.0788𝑠 + 6.8422 × 102
 

3.4588×

10−4 

0.0022 0.1041 0.2167 

Routh approximation [16] −0.1663𝑠 + 7.88

𝑠2 + 37.67𝑠 + 1924
 

2.4165×

10−4 

0.0015 0.0884 0.1803 

Routh and Pade approximations 

[55], [56] 

−0.1662𝑠 + 7.8801

𝑠2 + 37.67𝑠 + 1924
 

2.4164×

10−4 

0.0015 0.0884 0.1778 

Differentiation and Pade 

approximation [57] 

−4.26 × 1014𝑠 + 1.1906 × 1016

2.464 × 1014𝑠2 + 1.423 × 1016𝑠 + 2.907 × 1018
 

2.3979×

10−4 

0.0015 0.0882 0.1804 

Differentiation method [58] −4.187 × 1013𝑠 + 1.191 × 1016

2.464 × 1014𝑠2 + 1.423 × 1016𝑠 + 2.907 × 1018
 

2.3424×

10−4 

0.0015 0.0885 0.2403 

Stability equation and 

continued-fraction [46] 

−2.67 × 10−4𝑠 + 2.4209

𝑠2 + 11.5726𝑠 + 591.1932
 

2.2688×

10−4 

0.0014 0.0875 0.2174 

Truncation method [42] −1.246 × 1010𝑠 + 5.906 × 1011

3.422 × 1011𝑠2 + 2.823 × 1012𝑠 + 1.442 × 1014
 

2.1574×

10−4 

1.4× 10−3 0.0848 0.1768 

Factor division and stability 

equation method [59] 

−1.0664 × 1010𝑠 + 5.906 × 1011

2.4399 × 1011𝑠2 + 2.823 × 1012𝑠 + 1.442 × 1014
 

2.1459×

10−4 

0.0014 0.0852 0.1763 

Stability Equation [18], Pade 

and stability equation [44], [45] 

−1.246 × 1010𝑠 + 5.906 × 1011

2.4399 × 1011𝑠2 + 2.823 × 1012𝑠 + 1.442 × 1014
 

2.1272×

10−4 

0.0013 0.0849 0.1762 

Pade approximation [15] −0.0626𝑠 + 1.99

𝑠2 + 4.479𝑠 + 485.8
 

1.9682×

10−4 

1.211×

10−3 

0.0831 0.2077 

Time moment matching [60] −1.2886 × 10−4𝑠 + 4.09 × 10−3

2.0585 × 10−3𝑠2 + 9.2198 × 10−3𝑠 + 1
 

1.9682×

10−4 

1.21×

10−3 

0.0830 0.206 

Proposed method, Pade and 

dominant pole [38] 

−0.0967𝑠 + 2.478

𝑠2 + 𝑠 + 605
 

3.7709×

10−5 

2.3918×

10−4 

0.0297 0.0582 

International Journal of Pure and Applied Mathematics Special Issue

13015



6 
 

The comparison of unit step responses of original system with its reduced models obtained by various 

model reduction techniques has been depicted in Figure 1. From this figure it is clearly visible that the 

response of reduced model obtained by the proposed method is excellently matched with the response of 

the original system as compared to the responses of various reduced models obtained by other existing 

popular model reduction methods. In order to compare the accuracy and superiority of the proposed 

method, the performance error indices of various reduction methods have been calculated and tabulated in 

Table 1. This table demonstrates that the proposed method gives least error indices compared to other 

existing methods. It is also clear that the proposed method and method discussed in [38] give same 

transfer function and performance error indices but the proposed method is simpler compared to existing 

technique. 

Example 2:Let us consider an eighth order system described by following transfer function is [17] 

 

𝐺 𝑠 =
35𝑠7+1086𝑠6+13285𝑠5+82402𝑠4+278376𝑠3+511812𝑠2+482964𝑠+194480

𝑠8+33𝑠7+437𝑠6+3017𝑠5+11870𝑠4+27470𝑠3+37492𝑠2+28880𝑠+9600
  (12) 

The poles and zeros of 𝐺(𝑠) are 

Zeros∶  −1.035 ± 0.631𝑗, −2.639, −3.835, −4.902, −7.801, −9.785 

Poles∶  −1, −1 ± 1𝑗, −3,−4,−5,−8, −10. 
The fourth order reduced model obtained by the proposed method discussed in Section 3 is: 

𝑅4 𝑠 =
33.6045𝑠3+151.6093𝑠2+219.8063𝑠+121.55

𝑠4+6𝑠3+13𝑠2+14𝑠+6
     (13) 

 

The Figure 2, represents the unit step responses of original model and its reduced models computed by 

different model reduction techniques. In this figure it is clear that the reduced order model obtained by 

proposed method gives approximately same time response as given by the original system. The 

performance indices of various model reduction techniques have been tabulated in Table 2. This table 

indicates that the proposed method gives least error indices compared to some other popular [16]-[20] and 

recently proposed techniques [50]-[54], [57], [59]. Hence it is concluded that the proposed method is 

better approximation technique compared to some existing techniques.  
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Figure 2: Comparison of step responses of original system and its various lower order models. 

Table 2:Comparison of different model reduction techniques with respect to ISE, RISE, IAE and ITAE. 

Model order 

reduction method 

Reduced order model ISE RISE IAE ITAE 

Pade and 

Differentiation 

[57] 

−7714484964757.8𝑠3 + 257589205006.9𝑠2

−8526456536.6𝑠 + 326725862.4
284880𝑠4 + 3296400𝑠3 + 13497120𝑠2 +

24259200𝑠 + 16128000

 

9.736× 1012  2.22× 109 1.2552× 107 1.249× 107 

Pade and pole 

clustering [54] 

−12729000𝑠3 + 425050𝑠2 − 14054𝑠
+541.9825

𝑠4 + 10.95𝑠3 + 33.28𝑠2 + 44.66𝑠 + 26.75
 

3.251× 1012  7.42× 108 8.6171× 106 1.205× 107 

Pade and modified 

pole clustering 

[53] 

−5740700𝑠3 + 191720𝑠2 −
6326.6𝑠 + 247.7772

𝑠4 + 8.5272𝑠3 + 21.1699𝑠2 +
25.2853𝑠 + 12.2309

 

1.369× 1012  3.126× 108 4.2359× 104 7.233× 104 

Pade and 

dominant poles 

[38] 

−2790800𝑠3 + 93209𝑠2 − 3071.3𝑠 + 121.549

𝑠4 + 6𝑠3 + 13𝑠2 + 14𝑠 + 6
 

8.01× 1011  1.83× 108 4.9978× 106 8.8906× 106 

Stability and Pade 

approximation 

[45], [46] 

−4365200000𝑠3 + 145840000𝑠2 −
4782700𝑠 + 194480

10308𝑠4 + 23868𝑠3 + 37083𝑠2 +
28880𝑠 + 9600

 

2.39× 1011  5.46× 107 3.5034× 106 1.0177× 107 

Routh stability 

and factor division 

method [49] 

18826888.108𝑠3 − 10632856.88𝑠2 +
408393.07𝑠 + 194480

6817.2𝑠4 + 14847.1𝑠3 + 31694𝑠2 +
25199𝑠 + 9600

 

4.5859× 109 4.487× 105 4.487× 105 1.356 × 106 
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Factor division 

and modified pole 

clustering method 

[51], [52] 

−2606406.66𝑠3 + 886146.45𝑠2 −
9588.98𝑠 + 16263.25

𝑠4 + 47.99𝑠3 + 495.38𝑠2 +
894.78𝑠 + 802.79

 

9.8979× 108 2.26× 105 1.0316× 105 9.687× 104 

Routh stability 

and Pade 

approximation 

method [47], [48] 

−77186000𝑠3 + 147790000𝑠2 −
4857300𝑠 + 194480

6817.2𝑠4 + 14847.1𝑠3 + 31694𝑠2 +
25199𝑠 + 9600

 

4.27× 108 9.7467×
104 

1.4267× 105 4.3378× 105 

Modified Pade 

and modified pole 

clustering [50] 

298.452𝑠3 + 152.5693𝑠2 −
6326.6𝑠 + 247.7772

𝑠4 + 8.5272𝑠3 + 21.1699𝑠2 +
25.2853𝑠 + 12.2309

 

9.9379× 105 2.268× 102 4.2359× 104 7.233× 104 

Pole clustering 

method [19] 

79.3𝑠3 + 533.2𝑠2 + 880.2𝑠 + 542.1

𝑠4 + 10.95𝑠3 + 33.28𝑠2 + 44.66𝑠 + 26.75
 

463.9612 1.06× 10−1 103.5677 438.5651 

Routh 

approximation 

[16] 

41.2369𝑠3 + 97.7602𝑠2 + 87.309𝑠 + 30.3835

𝑠4 + 3.5811𝑠3 + 5.6212𝑠2 + 4.5118𝑠 + 1.4998
 

293.0804 0.0669 95.3986 169.4458 

Stability equation 

and factor division 

method [59] 

209755.227𝑠3 + 503526.341𝑠2 −
482964𝑠 + 194480

10308𝑠4 + 23868𝑠3 + 37083𝑠2 +
28880𝑠 + 9600

 

108.367 2.47× 10−2 77.1285 239.3885 

Truncation 

method[42] 

278376𝑠3 + 51182𝑠2 + 482964𝑠
+194480

11870𝑠4 + 27470𝑠3 + 37492𝑠2 + 28880𝑠
+9600

 

79.101 1.81× 10−2 71.6827 262.8936 

Routh stability 

method [17] 

173419.1𝑠3 + 322069𝑠2 +
439546.9𝑠 + 194480

6817.2𝑠4 + 14847.1𝑠3 + 31694𝑠2 +
25199𝑠 + 9600

 

67.2759 1.54× 10−2 61.7224 273.3306 

Stability equation 

method[18] 

253150𝑠3 + 478540𝑠2 +
482964𝑠 + 194480

10308𝑠4 + 23868𝑠3 + 37083𝑠2 +
28880𝑠 + 9600

 

40.2162 9.2× 10−3 50.2674 175.5392 

Stability equation 

and continued 

fraction method 

[46] 

253159 + 478501𝑠2 +
482964𝑠 + 194480

10308𝑠4 + 23868𝑠3 + 37083𝑠2 +
28880𝑠 + 9600

 

40.1541 9.2× 10−3 50.2317 175.4299 

Differentiation 

method [58]  

13362048𝑠3 + 122834880𝑠2 +
347734080𝑠 + 326726400

284880𝑠4 + 3296400𝑠3 + 13497120𝑠2 +
24259200𝑠 + 16128000

 

26.4528 6.0× 10−3 23.638 34.9497 

Improved pole 

clustering method 

[41] 

30.02𝑠3 + 235.6693𝑠2 +
382.1617𝑠 + 247.7776

𝑠4 + 8.5272𝑠3 + 21.1699𝑠2 +
25.2853𝑠 + 12.2309

 

0.8788 2.01× 10−4 5.1024 9.2287 

Routh and Pade 

approximation 

[55], [56] 

31.6069𝑠3 + 75.1767𝑠2 + 75.4509𝑠 + 30.3834

𝑠4 + 3.5811𝑠3 + 5.6212𝑠2 + 4.5118𝑠 + 1.4998
 

0.7775 1.77× 10−4 6.164 18.5992 

Balanced 

truncation 

method[20] 

34.96𝑠3 + 254.1𝑠2 + 403.1𝑠 + 267.5

𝑠4 + 9.194𝑠3 + 22.67𝑠2 + 26.8𝑠 + 13.21
 

0.0361 8.23× 10−6 5.8153 312.5173 

Proposed Method 33.6045𝑠3 + 151.6093𝑠2 + 219.8063𝑠 + 121.55

𝑠4 + 6𝑠3 + 13𝑠2 + 14𝑠 + 6
 

0.0229 5.22× 10−6 0.7115 0.9887 

5. Conclusions and Future Scope 

In this contribution a new model reduction method has been proposed for the higher order LTI systems, 

which is very simple compared to other existing popular methods. From table 3, it is also clear that the 

proposed method also gives better approximation compared to the some complicated optimization based 

model reduction methods. In this method, the denominator polynomial of the reduced model is obtained 

by model method and the numerator polynomial is calculated by a simple mathematical algorithm 

discussed in literature. The reduced models yielded by the proposed technique are guaranteed to be stable 

given that the original models are stable. The reduced models also guaranteed the retention of dominant 

poles, steady state and transient responses of the original models. 
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The accuracy and the superior performance of the proposed technique were evaluated by comparing the 

various performance error indices and tabulated in Tables 1 and 2. From these tables,it is found that the 

reduced model obtained by the proposed technique exhibited better performance and has least error 

indices.In Figures 1and 2, the response of lower order model obtained by proposed technique is closely 

matched to the response of original model compared to the responses of other reduced models obtained by 

existing popular and recentlyproposed model order reduction methods. Hence, the proposed technique is 

the closest approximation of the originalmodel. Fordemonstrating the effectiveness of the proposed 

technique, it has been applied on three standard numerical examples. It is also found that the proposed 

technique has least performance error indices and better approximation to the original model and thus it 

can be explored in the field of controller design and digital signal processing. 

References 

[1] Henda A., Mohamed H. Z. and Sofiène T., 2016. Enhancing Model Order Reduction for Nonlinear 

Analog Circuit Simulation.IEEE Trans. on Very Large Scale Integration (VLSI) Systems, 24(3), pp. 

1036-1049. 

[2] AntoulasA. C., 2005. Approximation of Large-Scale Dynamical Systems: Advances in Design and 

Control. Philadelphia, PA, USA: SIAM, pp. 207-247. 

[3] Sato Y. and Igarashi H., 2017.Homogenization Method Based on Model Order Reduction for FE 

Analysis of Multi-Turn Coils.IEEE Trans. on Magnetics, 53 (6), Art. no.1100104. 

[4] Bonotto M., Bettini P. and Cenedese A., 2017.Model-Order Reduction of Large-Scale State-Space 

Models in Fusion Machines via Krylov Methods, IEEE Trans. on Magnetics, 53(6), pp. 1-1. 

[5] Badarlis A., Stingelin S., Pfau A.and Kalfas A., 2016. Measurement of Gas Thermal Properties 

Using the Parametric Reduced-Order Modeling Approach.IEEE Sensors Journal, 16(12), pp. 4704-

4714. 

[6] Sikander A.andPrasad R., 2017. Reduced order modelling based control of two wheeled mobile 

robot.Journal of Intelligent Manufacturing, pp. 1–11. 

[7] Rewieński M., Lamecki A. and Mrozowski M., 2015.Model Order Reduction for Problems 

withDispersive Surface Boundary Conditions.IEEE Microwave and Wireless Components Letters, 

25(9), pp. 561-563. 

[8] Klis D., Farle O. and Romanus D. E., 2016. Model-Order Reduction for the Finite-

ElementBoundary-Element Simulation of Eddy-Current Problems Including Rigid Body 

Motion.IEEE Trans. on Magnetics. 52(3), Art. no. 7200404. 

[9] Sato Y. and Igarashi H., 2016. Generation of Equivalent Circuit From Finite-Element ModelUsing 

Model Order Reduction.IEEE Transactions on Magnetics, 52(3), Art. no. 1100304. 

[10] Vorobev P., Huang P. H. and Hosani M. A., 2018. High-Fidelity Model Order Reduction for 

Microgrids Stability Assessment.IEEE Trans. on Power Systems, 33(1), pp. 872-887. 

[11]  Othman M. K. A., Saleh S. S., Zaer S. A. H. and Ali H. A. M., 2014.Substructure Preservation 

Sylvester-based Model Order Reduction with Application to Power Systems,Electric Power 

Components and Systems,42(9), pp. 914–926. 

[12] Qian D., Tong S. and Liu X., 2015. Load Frequency Control for Micro Hydro Power Plants by 

Sliding Mode and Model Order Reduction.Automatika Journal for Control, Measurement, 

Electronics, Computing and Communications, 6(3), pp. 318–330.  

[13] Vahid R. D. and Benoit B., 2011. Robust controller order reduction.International Journal of 

Control, 84(5), pp. 985–997. 

[14] Desai S. R. and Prasad R., 2012.PID Controller Design using BB-BCOA Optimized Reduced Order 

Model.International Journal of Computer Applications on Advanced Computing and 

Communication Technologies for HPC Applications, 5, pp. 32-37. 

[15] Prajapati A. K. and Prasad R., 2017. Padé Approximation and its Failure in Reduced Order 

Modelling. In 1
st
 Int. Conf. on Recent Innovations in Elect. Electr. and Comm. Sys. (RIEECS-

2017), Dehradun, India. 

International Journal of Pure and Applied Mathematics Special Issue

13019



10 
 

[16] Hutton M. F. and Friedland B., 1975. Routh approximations for reducing order of linear, time-

invariant systems.IEEE Trans. on Autom. Control, 20(3), pp. 329-337. 

[17] Krishnamurthy V. and Seshadri V., 1978. Model reduction using the Routh stability criterion.IEEE 

Trans. on Automatic Control, 23(3), pp. 729-731. 

[18] Chen T. C. and Chang C.Y., 1979. Reduction of transfer functions by the stability-equation 

method.J. Franklin Inst., 308(4), pp. 389-404. 

[19] Sinha A. K. and Pal J., 1990. Simulation based reduced order modelling using a clustering 

technique. Computers and Electrical Engineering, 16(3), pp. 159–169. 

[20] Moore B., 1981. Principal component analysis in control system: controllability, observability, and 

model reduction.IEEE Trans. on Autom. Control, 26(1), pp. 17-36. 

[21] Kokotovik P. V., Malley R. E. and P. Sannuti, 1976. Singular perturbation and order reduction in 

control theory-an overview.Automatica, 12(2), pp. 123-132. 

[22] Aoki M., 1968. Control of large scale dynamic systems by aggregation.IEEE Trans. on Automatic 

Control, 13, pp. 246-255. 

[23] Chaniotis D. and Pai M. A., 2005. Model reduction in power systems using Krylov subspace 

methods.IEEE Trans. Power System, 20(2), pp. 888-894. 

[24] Vishwakarma C.B. and Prasad R., 2014. Time domain model order reduction using Hankel matrix 

approach.J. of the Franklin Inst., 351, pp. 3445–3456. 

[25] Deepak K. and Nagar S. K., 2014. Model reduction by extended minimal degree optimal Hankel 

norm approximation.Applied Mathematical Modelling, 38(11–12), pp. 2922-2933. 

[26] Prajapati A. K. and Prasad R., 2018, March.Order Reduction of Linear Dynamic Systems by 

Improved Routh approximation Method. In International Conference on Control, Power 

Communication and Computing Technologies (ICCPCCT-2018) IEEE. 

[27] Narwal A. and Prasad R., 2016. Order Reduction of LTI Systems and Their Qualitative 

Comparison.IETE Technical Review, 34(6),pp. 655-663. 

[28] Sikander A. and Prasad R., 2015. Soft Computing Approach for Model Order Reduction of Linear 

Time Invariant Systems.Circuits Syst. and Signal Process, 34(11), pp.  3471-3487. 

[29] Narwal A. and Prasad R., 2015. A novel order reduction approach for LTI systems using cuckoo 

search optimization and stability equation.IETE Journal of Research,62(2), pp. 154-163. 

[30] Desai S. R. and PrasadR., 2013. A novel order diminution of LTI systems using Big Bang Big 

Crunch optimization and Routh Approximation.Applied Mathematical Modelling, 37(16–17), pp. 

8016-8028. 

[31] Gajic Z. and Lelic M., 2001. Improvement of system order reduction via balancing using the 

method of singular perturbations.Automatica, 37, pp. 1859-1865. 

[32] Muscato G., 2000. Parametric Generalized Singular Perturbation Approximation for Model Order 

Reduction.IEEE Trans. on Autom. Control, 45(2), pp. 339- 343. 

[33] Fernando K. V. and Nicholson H., 1982. Singular Perturbational Model Reduction of Balanced 

Systems.IEEE Trans. on Autom. Control, 27(2), pp. 466-468. 

[34] Rommes J. and Martins N., 2006. Efficient computation of multivariable transfer function dominant 

poles using subspace acceleration.IEEE Trans. Power Syst., 21(3), pp. 1471–1482. 

[35] Martins N. and Quintão P. E. M., 2003. Computing dominant poles of power system multivariable 

transfer functions.IEEE Trans. Power Syst., 18(1), pp. 152–159. 

[36] Ismail O. and Bandyopadhyay B., 1998. Interval system reduction using Pade approximation to 

allow retention of dominant poles.Int. J. of Modelling and Simulation, 111(4), pp. 341-345. 

[37] Ismail O., Bandyopadhyay B. and Gorez R., 1997. Discrete interval system reduction using Pade 

approximation to allow retention of dominant poles.IEEE Transactions on Circuits and Systems—I: 

Fundamental Theory and Applications,44(11),pp. 1075-1078. 

[38] Shamash Y., 1975. Linear system reduction using Pade approximation to allow retention of 

dominant modes. Int. J. Control, 21(2), pp. 257-272. 

International Journal of Pure and Applied Mathematics Special Issue

13020



11 
 

[39] Saadvandi M., Meerbergen K. andJarlebring E., 2012. On dominant poles and model reduction of 

second order time-delay systems. Applied Numerical Mathematics, 62, pp. 21–34. 

[40] Saadvandi M., Meerbergen K. and Desmet W., 2014. Parametric dominant pole algorithm for 

parametric model order reduction.Journal of Computational and Applied Mathematics,259, pp. 

259–280. 

[41] Komarasamy R., Albhonso N. and Gurusamy G., 2011. Order reduction of linear systems with 

an improved pole clustering.Journal of Vibration and Control, 18(12), pp. 1876–1885. 

[42] Shamash Y., 1981. Truncation method of reduction: A viable alternative.Electron. Letter, 17(2), pp. 

97-98. 

[43] Prajapati A. K. and Prasad R., 2018. Order Reduction of Linear Dynamic Systems by Improved 

Routh approximation Method.IETE Journal of research, doi: 10.1080/03772063.2018.1452645. 

[44] Chen T. C., Chang C. Y. andHan K. W., 1980. Stable reduced-order Padé approximants using 

stability-equation method.Electronics Letters, 16(9), pp. 345-346. 

[45] Chen T. C., Chang C. Y. andHan K. W., 1980.Model reduction using the stability-equation method 

and the Padé approximation method.J. of the Franklin Ins., 309(6), pp. 473-490. 

[46] Chen T. C., Chang C. Y. andHan K. W., 1980.Model reduction using the stability-equation method 

and the continued-fraction method.Int. J. of Control, 32(1), pp. 81-94. 

[47] Shamash, Y., 1975. Model reduction using the Routh stability criterion and 

the Padé approximation technique.Int. J. of Control,21(3), pp. 475-484. 

[48] Pal J., Stable reduced-order Padé approximants using the Routh-Hurwitz array.Electronics 

Letters,15(8), pp. 225-226. 

[49] Singh N., Prasad R. and Gupta H. O., 2006. Reduction of Linear Dynamic Systems using Routh 

Hurwitz Array and Factor Division Method.IETE Journal of Education, 47(1), pp. 25-29. 

[50] Singh J., Vishwakarma C. B. and Chatterjee K., 2016. Biased reduction method by combining 

improved modified pole clustering and improved Pade approximations.Applied Mathematical 

Modelling, 40, pp. 1418-1426. 

[51] Sikander A.andPrasad R., 2017.A New Technique for Reduced-Order Modelling of Linear Time-

Invariant System.IETE Journal of Research, 63(3), pp. 316-324. 

[52] Vinod K. and Tiwari J. P., 2012. Order Reducing of Linear System using Clustering Method Factor 

Division Algorithm.Int. J. of Applied Information Systems, 3(5), pp. 1-4. 

[53] Vishwakarma C.B., 2011. Order reduction using modified pole clusteringand Pade 

approximations.Int. J. of Electrical, Computer, Energetic, Electronic and Communication 

Engineering, 5(8), pp. 998-1002. 

[54] Vishwakarma C. B. and Prasad R., 2008. Clustering Method for Reducing Order of Linear System 

using Pade Approximation.IETE Journal of Research, 54(5), pp. 326-330. 

[55] Prasad R., 2000.Padé type model order reduction for multivariable systems using Routh 

approximation.Computers and Electrical Engineering, 26(6), pp. 445–459. 

[56] Lepschy A. and Viaro U., 1982. An improvement in the Routh-Padé approximation techniques.Int. 

J. of Control, 36(4) pp. 643-661. 

[57] Kranthi D. K., Nagar S.K. and Tiwari J.P., 2013. A New Algorithm for Model Order Reduction of 

Interval Systems.Bonfring Int. J. of Data Mining, 3(1), pp.  6-11. 

[58] Gutman P., Mannerfelt C. and Molander P., 1982. Contributions to the Model Reduction 

Problem.IEEE Trans. on Autom. Control,27(2), pp. 454-455. 

[59] Sikander A. and Prasad R., 2015. Linear time-invariant system reduction using a mixed methods 

approach.Applied Mathematical Modeling, 39, pp. 4848–4858. 

[60] V. Zakian, 1973. Simplification of linear time invariant systems by moment approximations.Int. J. 

Control, 18, pp. 455-460. 

Arvind Kumar Prajapati was born in Jaunpur (Uttar Pradesh), India. He received the B.Tech. degree with Gold-

Medal in electrical engineering from V.B.S. Purvanchal University, Jaunpur in 2013. He 

received the M.Tech. degree in electrical engineering from National Institute of Technology, 

International Journal of Pure and Applied Mathematics Special Issue

13021



12 
 

Silchar, India in 2015. He served as the Assistant Professor in electrical engineering department of Purvanchal 

University Jaunpur. 

Currently, he is pursuing the Ph.D. degree in the department of electrical engineering, Indian Institute of 

Technology Roorkee, Uttarakhand, India. His area of interest includes model order reduction, fault detection and 

accommodation of dynamic system, and integrated vehicle health management system. 

Email: arvindawr1990@gmail.com, akp90.dee2015@iitr.ac.in 

Rajendra Prasad was born in Hangawali (Saharanpur), India. He received B.Sc. (Hons.) degree from Meerut 

University, India in 1973. He received B.E., M.E. and Ph.D. degree in electrical engineering 

from the University of Roorkee, India in 1977, 1979 and 1990 respectively. He has served as 

Assistant Engineer in Madhya Pradesh Electricity Board (MPEB) from 1979- 1983. He 

served as lecturer in electrical engineering department, University of Roorkee, India from 

1983 to 1996. He worked as Assistant Professor during 1996-2001, Associate Professor from 

2001 to 2009 and currently he is Professor in the Department of Electrical Engineering, 

Indian Institute of Technology Roorkee (India).  

He has published around 300 papers in various Journals /conferences and received 14 awards on his publications in 

various National/International Journals/Conferences Proceeding papers. He has guided 17 Ph.D.‘s, and presently 

four Ph.D.‘s are under progress. His main research interests include model order reduction, data analysis, robotics 

and its applications, control, optimization and system engineering. 

Email: rpdeefee@iitr.ac.in 

International Journal of Pure and Applied Mathematics Special Issue

13022



13023



13024


