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Characteristics of a Direct System Parameter Estimation Method
Young-Ho Ju, Gwang-Hwan Jo and Gun-Myung Lee
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Equation of Motion(A] ~ &l -§-%-w9lA A1) Numerical Integration (4] & #), Ex-

citation Signal (7}#1413%), Sampling Frequency (A8 F3}4~), Noise (#-&)
Abstract

A method by which the system parameter matrices can be estimated from measured time data
of excitation force and acceleration has been studied. The acceleration data are integrated
numerically to obtain the velocities and displacements, and the system parameters are estimated
from these data by solving equations of motion. The characteristics of the method have been
investigated through its application to simulated data of 1 DOF and 2 DOF systems and experi-
mental data measured from a simple structure. It was found that the method is very sensitive to
measurement noise and the accuracy of the estimated parameters can be improved by averaging
the repeatedly measured data and removing the noise. One of the main advantages of the
parameter estimation method is that no a priori information about the system under test is
required. The method can be easily extended to non-linear parameter estimation.
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Fig. 2 Comparison of the exact and estimated (a)

Fig. 1 Comparison of the exact and estimated (a)

velocities and (b) displacements when integra-

tion constants are considered

velocities and (b) displacements when inte-

gration constants are not considered
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Table 1 RMS errors and parameter 94 errors when polynomial trends of various orders are removed

Errors rms M C K
Order error (%) % error % error % error
1 155.95 85.73 40.88 92.58
2 42.86 57.02 10.45 61.38
3 42.67 56.90 10.96 61.25
4 14.93 22.34 8.99 23.68
5 11.99 16.92 12.64 17.74
6 7.99 9.13 2.87 9.38
7 8.09 9.32 3.25 9.57
8 10.18 12.23 14.31 12.38
9 12.76 17.00 23.38 17.06
10 18.04 25.93 30.70 26.34
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Fig. 4 Comparison of the exact and estimated dis-
placements when low frequency component
s are removed

A A% ot ol AL AT 1)
,SJ_

17

ol
~
2
Ao
L

d
o
Bl

N>
2
o

shg etz ol
) Ak o
el EAEAS Agaol te o Fig. 5t
2 5909l 7hEoolE 2 Simpson 48 o]
shol ol Ayl WSl dehilel
e IR
spo] 72 wSloleh,

ps 48 F9 el
[e]

>
fin)
to
i
HD’- o
>
)
1_;‘
ol
2
i)
4
2
X

dlo

1, Fig. 6

L

4

A5 sAwge] Ao
v |'— od &g mA37] $isled 4l A (swept
sinewave) ¢} B AAZE shaAlER AHEsE
o}, Fabgrt 8 Hzoll4] 25 Hzzbx] wsbste 24l
= 8 Hzoll A} 25 Hz7hx| 9] FapfAditubs
1AF-= A0 7halE ez shed

1
£ b, AselEAT s el L

¥
h

3ol A
T T T T
Actual
10E4F 4 - Estimated o
.
5.0E-5 - (‘
@&
°
3
£ 0.0E0 ’
g l
) |
-5.0E-5 |
-1.0E-4 |- V
| 1 L "
0.0 0.2 0.4 08 0.8

Time(sec)
Fig. 5 Comparison of exact and estimated displace-
ments showing large high frequency compo-
nents when the Simpson rule is used

T T T
Actual
toeaf . T Estimated 1
5.0E5 [ .
c i
T
hel
2
2 n.oso\f \
g
= h
5.0E5 | i
1.0E-4 - ]
L I L L
0.0 02 04 06 08

Time(sec)

Fig. 6 Comparison of the exact and estimated dis-
placements when the trapezium rule is used

At e A F45 AlxwelAHas Table

29} 7}, o]l I‘mS_?_x]—-“: 2b7t 9.20 %Sk 2.27 %

olalr}. o] 2 7pA s

& At A2 Al ASue 4

5 oA e Bers) o7k o Eohe

4 Qlvk Fig. 72 49l s Agsted 344
28 o2 R ol Ee shS s et AA sHE

% wlasta Qe o714,

A el FelaE 1000 Hzolw, A&

M 100070 ©] &},

E}n

aeiel Fshg el A AAusel gl
Bol wlAL GEE A

23rel Al e} %
Abg-sled ok, 40 Hzo
2k 5~40 Hzo] djeqsupde

el BFAA
% 719 ] (lowpass fllter)
(bandpass filter) 5 7t

ol
-
L
2
_1_4 _L\.L



Al o A

F ARz 54

1485

Table 2 Comparison of the estimated system parameters using the two excitation signals

Swept sinewave Random
Parameter
Estimated value % Error Estimated value 9% Error
m 0.9984 0.16 0.9932 (.68
c 6.0079 0.13 5.9159 1.40
k 10000.57 0.01 9947 .77 0.52
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Fig. 7 Comparison of the simulated and estimated
accelerations for swept sinewave excitation
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Table 3 Estimated pafameters and rms errors for excitation signals with and without low frequency

'C_Qmponents
Excitation signal Parameter rms Error (%)
With low frequency m= 1.002
c= 6.184 4.05
components
k=10019.718
Without low frequency m=_0.997
components
k=9969.298

Table 4 RMS errors for various sampling frequencies when a swept sinewave and random signal are

used as an excitation signal

No. rms Error (%)
Sampling frequency (Hz
ping fred y (Hz) of data Swept sinewave Random signal
1000.00 9000 0.17 1.87
500.00 4500 0.22 4.08
333.33 3000 0.68 14.35
Table 5 RMS errors and parameter % errors for various noise levels
Error rms M C K
Noise level (%) Error (%) 9% Error 9% Error 9% Error
0 1.29 0.21 0.50 0.05
1 3.09 1.28 0.38 1.13
2 4.20 2.65 0.73 2.56
5 7.99 9.13 2.87 9.38
10 15.41 23.99 4.26 24.99
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Fig. 8 2 DOF simulated system
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Table 6 Estimated parameters of the 2 DOF simulated system

Parameter Exact value Estimated value

m,; 1.0 1.000

m, 2.0 1.999

c 6.0 6.037

Cz 6.0 5.998

k, 10000.0 10000.104
ks 10000.0 9998.065
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Table 7 Estimated parameters when a random signal is used as an excitation signal

Parameter Mean value Standard deviation
m, 0.7328 0.0158
m, 0.6689 0.0207
C 0.9412 0.3690
Cz 0.1404 0.0931
k, 4490.83 226.29
ke 3339.83 92.91
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Table 8 Effect of the number of data points on the accuracy of the estimated parameters

2048 Data points 4096 Data points

Parameter Mean Standard Mean Standard
value deviation value deviation

m, 0.7328 0.0158 0.7224 0.0174

m, 0.6689 0.0207 0.6428 0.0193

o 0.9412 0.3690 0.6868 0.3988

Co 0.1404 0.0931 0.2749 0.1852

k, 4490.83 226.29 4358.92 279.40

ks, 3339.83 92.91 3264.86 88.00
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Table 9 Estimated parameters when a swept sinewave is used as an excitation signal

Parameter Mean value Standard deviation
m, 0.7319 0.0154
m, 0.6591 0.0192
C 0.8315 0.3183
Co 0.1926 B 0.1757
k, i 4500.46 ) 231.72
K, | 3311.67 | 92.62

Table 10 Estimated parameters when measured data are averaged

Before mass is added After mass is added

Parameter Mean value Standard deviation ] Mean value Standard deviation
m, 0.7829 0.0009 l 0.8336 0.0013
m, 0.7236 0.0011 | 0.7276 0.0021
C 1.1936 T 0.0664 i 1.2198 0.1655
e 0.0618 | 0.0367 | 0.0566 0.0393
k, 5186.88 16.53 5176.67 19.96
k, 3574.42 6.35 3581.84 8.69
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