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A survey on time domain MIMO identification technigues for experimental and
operational modal analysis
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ARTICLE INFORMATION ABSTRACT
Original Research Paper A comparison between three different time domain MIMO modal identification techniques i.e., ERA,
Received 01 September 2015 EITD and PRCE is performed. The comparison is executed for discontinuous (mass and spring) and
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Available Onfine 30 Novermber 2015 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

Keywords:

Time history data structure (OMA). From the results it is noted that some parameters like sampling frequency and total
correlation function recording time effect their accuracy. Sensitivities of the results due to these parameters are measured
sampling frequency and reported for all three considered methods. For this purpose the effecting parameters are altered

natural frequency

; e between a couple of values and the sensitivity of the results is studied for all methods in both EMA and
damping coefficient

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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15- Random Decrement

16- Correlation Filter

17- window

18- Operational Modal Analysis (OMA)
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- Multi input - multi output (MIMO)

- Experimental Modal Analysis (EMA)

- Frequency Response Function

- Nyquist

- Complex Exponential (CE)

- Least Squares Complex Exponential (LSCE)
- Ibrahim Time Domain (ITD)

- Rational Fractional Polynomials (RFP)

- 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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- Natural Excitation Technique (NEXT)

- Subspace State-space System Identification (4SID)
- Stochastic Realization

- Modal Assurance Criterion (MAC)

- Modal Confidence Factor (MCF)

- Modal Amplitude Coherence (MAmMC)

- Modal Participation Indicator (MPI)
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Table 5 Effect of recording length on the accuracy of estimated
damping ratios (EMA-PRCE)
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Table 7 Effect of sampling frequency on the accuracy of estimated
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Fig.3 Error in damping ratios extracted by the three methods in OMA
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Table 4 Effect of sampling frequency on the accuracy of estimated
damping ratios (EMA-ERA)

3,2 1000 55, 500 55,250

() s ¢ ()l ¢ (s ¢ W)l g o5
0.00 0.84 0.01 084 043 084 - - 4
0.00 096 0.02 096 031 09 - -5

5,2 200

260



O 9 A S Guwnas e Suw

ibloc 9 uﬁlidxg_to)'.f dl.\,o )'._;_JLiT 23 D922 - 5399 din &9 Il dl.),.o bwlivd ylo) S0 ._sl.mufu,) by b))l

Oomb el ,8 Gleoge 4 bgs e olie ol olulil o cds Jg
WS oty JB Glidleas s Sley slaosls slaws o138 L ol
ol 0o ool Lis O S 4o Eao50 (pl &S

S,l8 posls Luils 3 -2-1-2-4
Slyo bl 330 olil Gl om0 g ey eols sae 8000 (sl 4
Sl B 4 by i Glie gylo posls sla Wils 3 L g alSlas

ailbie 11 Jsoz 510 Jsuz &j50 4 oliee o po 5 b

o0 drline  Sinod @5 byl &0 cos a5 bls -3-1-2-4
P i b gloj cols 8000 4 55,2 200 g lsposls wils 3 ol
M&Ado‘mlomwbuwebudigwaf

el 0385 (6 et 03l @ilye il pd 5 b Slo S 58

& ol st ey —2-2-4
ods s JSlej slaools slass -1-2-2-4

=

4-3 O . 5 L;..

40
30
S 20
L
10
0 1 I. 1 1 1

Istmode 2nd 3rd mode4th mode 5th mode
mode

o ol aslows g 35,0 200 s ls pools wils )8 sl

m 500 2000 m 8000 m 15000

Fig. 5 Effect of recording time length on the accuracy of estimated
damping ratios (OMA-ERA)

2l e ol o e CBS (g9, p oo Lo oy slaosls slaws 51D Y

(&l ) s Leg)

Oboly el SlaulS b dslone S5 (55 2 5yl pedls iS5 2 5110 Jgu

(T 5= Logl) 4l
Table 10 Effect of sampling frequency on the accuracy of estimated
natural frequencies (OMA-ERA)
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Table 11 Effect of sampling frequency on the accuracy of estimated
damping ratios (OMA-ERA)
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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 14 Effect of recording time length on the accuracy of estimated
damping ratios (OMA-EITD)
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Table 12 Effect of sampling frequency on the accuracy of estimated
natural frequencies (OMA-PRCE)
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Table 13 Effect of sampling frequency on the accuracy of estimated
damping ratios (OMA-PRCE)
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Fig. 6 Effect of reference coordinate on the accuracy of estimated
damping ratios (OMA-PRCE)
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Table 16 Effect of sampling frequency on the accuracy of estimated
damping ratios (OMA-EITD)
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Table 17 Extracted natural frequencies in EMA
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