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 A comparison between three different time domain MIMO modal identification techniques i.e., ERA, 
EITD and PRCE is performed. The comparison is executed for discontinuous (mass and spring) and 
continuous (beam) systems in two different cases,experimental and operational modal analysis 
techniques. For this purpose the modal parameters of the system are measured using both direct time 
history data of impulse response (EMA) as well as correlation function of random response of the 
structure (OMA). From the results it is noted that some parameters like sampling frequency and total 
recording time effect their accuracy.  Sensitivities of the results due to these parameters are measured 
and reported for all three considered methods. For this purpose the effecting parameters are altered 
between a couple of values and the sensitivity of the results is studied for all methods in both EMA and 
OMA cases. Finally, a comparison between the results of different methods is done and the accuracy of 
the methods is studied. It is concluded that ERA is the most accurate and reliable method with the least 
sensitivity to effecting parameters in both EMA and OMA cases. 
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1- Single input – single output (SISO) 
2- Single input – multi output (SIMO) 
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1- Multi input - multi output (MIMO)  
2- Experimental Modal Analysis (EMA) 
3- Frequency Response Function 
4- Nyquist 
5- Complex Exponential (CE) 
6- Least Squares Complex Exponential (LSCE) 
7- Ibrahim Time Domain (ITD) 
8- Rational Fractional Polynomials (RFP) 
9- Forsythe 
10- Polyreference Complex Exponential (PRCE) 
11- Extended Ibrahim Time Domain (EITD) 
12- Eigensystem Realization Algorithm (ERA) 
13- ERA/OKID 
14- Q-Markov Covariance Equivalent Realization (QMC) 
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15- Random Decrement 
16- Correlation Filter 
17- window 
18- Operational Modal Analysis (OMA) 
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1- Natural Excitation Technique (NExT) 
2- Subspace State-space System Identification (4SID) 
3- Stochastic Realization 
4- Modal Assurance Criterion (MAC) 
5- Modal Confidence Factor (MCF) 
6- Modal Amplitude Coherence (MAmC) 
7- Modal Participation Indicator (MPI) 

 .
] 12 .[

] 13 .[

] 14.[  

 .
 

]15[.  
  

 
 .
 

 
 .

  -   
 .

 
 - 

 .   
  

 

 .  

 .

  .

  
  

2 -   

  

 .
  

 

2 -1-   
)  1 (

  



    

            -               

13941512  257  

)1( ( ) = + +  
  r 

r ) 2 (  

)2(  = + 1 2 

 
) 3 (

 
)3( ( ) = + + = + …  

 
 .

 - ( ) k

) 4 (  

 

)4( 
( ) =

( ) ( ) … ( )
( ) ( ) … ( )

( ) ( ) … ( )

 

 i
j .p 

q 

.. ) 5 (   

)5( 
=

(1) (2) (3) …
(2) (3) (4)
(3) (4) (5)
(4) (5) (6)

 

) 6(  
  

)6( = (1) (2)
(2) (3) , = (3) (4)

(4) (5)  

  ) 7:(  
)7( = , =  

    

   

)8( =
+
2  

A 

  

( ) ( ) ) 9(
  

)9( 

= (1) (2)
(2) (3)  

= (3) (4)
(4) (5)  

= (1) (2)
(2) (3)  

= (3) (4)
(4) (5)  

A ) 10 (  

)10( 

= , =
  

= , =
  

A ) 11 ( ]16[   

)11( =
+ + +

4  

A 
    

2 -2-   
    

- .
q i

)12 ( 

)12( 

( ) =  

( ) =  

( ) =  

)13( 
[ ] =

0

0

 

[ ]   
2N 

) 14 (     

)14( [ ] + [ ][ ][ ] + [ ][ ][ ] + +
[ ][ ][ ] = [0]  

 [ ], … , [ ] q )
 ([ ]  .

 ) 15 (
 

   
)15( 2 =  

2N   ) 16 (
  

[ ] [ ]   
 )  (

[ ] )  17)   (22 (
  

)17( [ ]
×

= [ ][ ]
×

([ ][ ] )
×

 

)18( [ ]
( × )

= [ ] [ ] … [ ]  

)19( [ ] = [ ] [ ] …  
  

)20( [ ] = [ ] [ ] …
×

 

)21( 

[ ] = 
{ (0)} { ( )} … { (( 1) )}

{ ( )} { ( )} … { ( )}

{ (( 1) )} { (( ) )} … { (( + 2) )}

 

)22( [ ] = [{ (( ) )} { (( + 1) )} … { (( +

 

)16( 2  



    

            -               

  

258  13941512  

1) )}]  

  . ) 23 (
 [V] [W]     

)23( 

[ ] [ ] … [ ] [ ]
[ ] [0] … [0] [0]

[0] [0] … [ ] [0]
×

{ }
{ }

{ }
×

=

{ }
{ }

{ }
×

  

{ } ) 24 (  
)24( { } = { } 

  Lq  
 .

{ } { }  .
)   .25 (

  

)25(  

{ (0)}
{ ( )}

{ ( )}

=

[ ][ ]
[ ][ ]

[ ][ ]

{ } 

) 26 (  
)26(  { }

( ) ×
= [ ]

( ) ×

{ }
×

 

)  27 (
  

)27( { } = ({ } [ ]) { } { } 

H  .
)i=1,…,p(  

  
  

2 -3-   
-

  
 .

 .
  

 .
) 28:(  

)28( 

( 1)
×

=

[ ( )] [ ( + 1)] … [ ( + 1)]
[ ( + 1)] [ ( + 2)] … [ ( + )]

[ ( + 1)] [ ( + )] … [ ( + + 2)]

 

r   s
 .

k  .1 
[H(0)] ) 29 (  

[H(0)] 2N 
2N  .[H(0)] 

2N   [u] [v] ) 30 ( 
 

)30( [ (0)]
×

= [ ]
×

[ ]
×

[ ]
×

 

) 31 ([ ] [ ] :  
)31( [ ] [ ] = [ ] [ ] = [ ] 

[ ]  ) 32)   (33 (
   

)32( 
×

= [[ ] [0] … [0]] 

)33( ×

=

[ ]
[0]

[0]

 

  
[R] [A] ) 34)  (35 (   .

  
)34( [ ] = [ ][ ]  

)35( [ ] = [ ] [ ] [ (1)][ ][ ]  

) 36 (
  

)36( [ ]{ } = { } 

2N )  37 ( 
]17[   

)37( { }
×

= [ ]
×

{ }
×

 

   )  38)   (40 ( 
]18[   
)38( = =  

)39( = ( ) + ( )  

)40( =
( ) + ( )

 

2 -4-   
 

 .
2 ) 

 (3 

4   .

1- Singular Value Decomposition (SVD) 
2- Correlation Function 
3- Exponential Sinusoids 
4- Sinusoids 

)29( [ (0)]
×

= [ ]
×

[ ]
×

[ ]
×

 



    

            -               

13941512  259  

  - 

 
 ) i j t

i j 
  . 

1     ]19[   

)41 ( :  

)41( ( ) =
1

( ) ( + 1) 

N  .N 
] 20.[  

3 -     
2 

3 
 .

1  .  
= = = = = 1 kg 

= = = = = 10000
N
m 

= = = = = 1
N. s
m  

 .

  

3 -1-   
  

)  
 .  (  

  
 .100 

0.09 0.34  .
100 

0.04 0.23 
 0.008 

20 0.04  .
   1 
2   

  
Fig. 1 simulated 5-DOF mass and spring system 
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1- Power Spectrum Density 
2- Simulink 
3- MATLAB 
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Table 1 Natural frequencies extracted by each method in EMA 

     
28.46 28.46 28.46 28.46 1 
83.08 83.08 83.08 83.08 2 
130.98 130.98 130.98 130.97 3 
168.29 168.16 168.28 168.25 4 
191.98 192.33 191.98 191.90 5 

  

 
Fig. 2 Error in damping ratios extracted by the three methods in EMA 
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Fig.3 Error in damping ratios extracted by the three methods in OMA 
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Table 2 Natural frequencies extracted by each method in OMA 

     
28.46 28.46 28.46 28.46 1 
83.08 83.05 83.08 83.08 2 
130.98 130.98 130.98 130.97 3 
168.27 168.28 168.27 168.25 4 
191.95 191.95 191.95 191.90 5 

3     
Table 3 Enhanced damping ratios for the first two modes using a 
longer recording time  

 (%)  (%)  
 0.14 0.70 
 0.42 0.07 

200500 1000  .50 
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Table 4 Effect of sampling frequency on the accuracy of estimated 
damping ratios (EMA-ERA) 

 50  200  500  1000  
  (%)  (%)  (%)   (%)  

4 - - 0.84 0.43 0.84 0.01 0.84 0.00 
5 - - 0.96 0.31 0.96 0.02 0.96 0.00 
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Table 5 Effect of recording length on the accuracy of estimated 
damping ratios (EMA-PRCE) 

 10  20  30  
  (%)   (%)   (%)  

4 0.84 0.44 0.85 0.43 0.85 0.50 
5 0.95 0.52 0.95 0.94 0.95 1.31 

6  
) –  

Table 6 Effect of sampling frequency on the accuracy of estimated 
natural frequencies 

 50  100  200  500  
1 28.463 28.46   
2 83.08 83.08   
3 130.99 130.98   
4  168.29   
5  191.97 191.83  

7  ) – 
  

Table 7 Effect of sampling frequency on the accuracy of estimated 
damping ratios 

 50  100  200  500  
  (%)  (%)  (%)  (%) 

1 0.14 0.00 0.14 0.00 - - - - 
2 0.42 0.19 0.42 0.12 - - - - 
3 0.66 0.49 0.66 0.41 - - - - 

4 - - 0.84 0.43 - - - - 
5 - - 0.95 0.94 59.11  - - 
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Fig. 4 Effect of excited coordinates on the accuracy of the estimated 
damping ratios (EMA-PRCE)  
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Table 8 Effect of sampling frequency on the accuracy of estimated 
natural frequencies (EMA-EITD) 

 50  100  200  500  
1 28.46 28.46 28.46 28.46 
2 74.00 83.08 83.08 83.08 
3  130.98 130.97 130.97 

4  168.27 168.25 168.25 

5  191.95 191.90 191.90 

9 ) – 

( 
Table 9 Effect of sampling frequency on the accuracy of estimated 
damping ratios (EMA-EITD) 

 50  200  500  1000  
  (%)   (%)   (%)   (%)  

1 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00 
2 0.47 12.49 0.42 0.07 0.42 0.00 0.41 0.00 
3 - - 0.66 0.29 0.65 0.00 0.65 0.00 
4 - - 0.85 0.43 0.84 0.01 0.84 0.00 
5 - - 0.96 0.31 0.96 0.02 0.96 0.00 
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20 53 1 
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Fig. 5 Effect of recording time length on the accuracy of estimated 
damping ratios (OMA-ERA) 
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Table 10 Effect of sampling frequency on the accuracy of estimated 
natural frequencies (OMA-ERA) 

 50  200  500  1000  
1 28.46 28.46 28.46 28.46 
2 83.09 83.08 83.08 83.08 
3 131.00 130.98 130.97 130.97 
4  168.27 168.25 168.25 

5  191.95 191.90 191.90 

11  )– 
( 

Table 11 Effect of sampling frequency on the accuracy of estimated 
damping ratios (OMA-ERA) 

 50  200  500  1000  
1 0.14 0.15 0.25 0.45 
2 0.42 0.42 0.42 0.42 
3 0.66 0.66 0.65 0.65 
4 - 0.84 0.84 0.84 
5 - 0.96 0.96 0.96 
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Table 12 Effect of sampling frequency on the accuracy of estimated 
natural frequencies (OMA-PRCE) 

 50  200  500  1000  
1 28.46 28.46 31.88  
2 83.09 83.05 84.02  
3 131.01 130.98 133.67  
4  168.28 164.96  
5  191.95 191.40  

13  ) – 

(  
Table 13 Effect of sampling frequency on the accuracy of estimated 
damping ratios (OMA-PRCE) 

 50  200  500  1000  
1 0.46 1.81 2.26 - 
2 0.42 72.84 1.48 - 
3 0.67 7.78 1.81 - 
4 - 1.4 0.30 - 
5 - 0.3 1.29 - 

 
Fig. 6 Effect of reference coordinate on the accuracy of estimated 
damping ratios (OMA-PRCE) 
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Table 14 Effect of recording time length on the accuracy of estimated 
damping ratios (OMA-EITD)  
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1 1.42 0.37 0.15 0.14 
2 0.60 0.42 0.42 0.42 
3 0.67 0.66 0.66 0.66 
4 0.85 0.85 0.85 0.84 
5 0.96 0.96 0.96 0.96 
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Table 15 Effect of sampling frequency on the accuracy of estimated 
natural frequencies (OMA-EITD) 

 50  200  500  1000  
1 28.46 28.46 28.46 28.46 
2 73.99 83.08 83.08 83.08 
3  130.98 130.97 130.97 

4  168.27 168.25 168.25 

5  191.95 191.90 191.90 

16 ) – 
 

Table 16 Effect of sampling frequency on the accuracy of estimated 
damping ratios (OMA-EITD) 

 50  200  500  1000  
1 0.14 0.15 0.25 0.45 
2 0.47 0.42 0.41 0.42 
3 - 06.6 0.65 0.65 
4 - 0.85 0.84 0.84 
5 - 0.96 0.96 0.96 

17   
Table 17 Extracted natural frequencies in EMA 

     
( )  ( )  ( )  ( )   
16.93 16.76 16.76 16.76 1 

104.73 104.45 104.85 104.86 2 
292.81 294.10 292.63 292.91 3 

- - 571.53 571.99 4 

18    
Table 18 Extracted natural frequencies in OMA 

     
( )  ( )  ( )  ( )   
16.81  16.82 16.76 1 
104.74 117.27 104.75 104.86 2 
292.50 292.63 292.63 292.91 3 
571.90  571.94 571.99 4 
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