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Identification of ARMAX Model and Linear Estimation Algorithm for
Structural Dynamic Characteristics Analysis

Eui Jung Choe’, Sang Jo Lee
ABSTRACT

In order to identify a transfer function model with noise, penalty function method has been widely used.
In this method, estimation process for possible model parameters from low to higher order proceeds the model
identification process. In this study, based on linear estimation method, a new approach unifying the estimation
and the identification of ARMAX model is proposed. For the parameter estimation of a transfer function model
with noise, linear estimation method by noise separation is suggested instead of nonlinear estimation method.
The feasibility of the proposed model identification and estimation method is verified through simulations,
namely by applying the method to time series model. In the case of time series models with noise, the
proposed method successfully identifies the transfer function model with noise without going through model
parameter identification process in advance. A new algorithm effectively achieving model identification and
parameter cstimation in unified frame has been proposed. This approach is different from the conventional
method used for identification of ARMAX model which needs separate parameter estimation and model

identification processes. The consistency and the accuracy of the proposed method has been verified through
simulations.

Key Words : time series model(A 1€ 2%), ARMAX, linear estimation method(d & %4 %), model

identification(5.3 4] 8), parameter estimation(Z<=374), noise separation method(F-&%2]%)
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Table 1. 3-pattern array for ARX model identification of the ARMAX model.

1) 6 array

=
g

0 0GR W~ O

1. 7040
-6.62E-1
-1.00E+0

1.43E40

5.01E-1
-1.43-1
-3.07E-1
7.76E-2
2.556-1

2.25E40
-1.26840
2.35E10
1.41E40
-5.34E-1
-3.70E-1
7.04E-1
2.80E-1
-8.98E-1

1.71E40
=7.66E-1
2.90E-1
7.82E-3
-2.15E-3
8.77E-3
4.67E-3
2.11E-3
5.72E-4

5.36E-1
-5.16E-1
1.54E-1
—2.32E-3
8.17E-3
4.02-2
-3.4564
-3.6864
-3.19%-5

-3.48E-1
—6.92E-1
1.25E-1
8.82E-3
3.79E-2
-1.39%-2
~3.46E-4
4.2564
4.90E-6

—4.65E-1
5.7-1
1.33-1
3.79E-3

-8.43E-4

-6.20E-4
8.74E-5
3.69E-5

-4.9%-2
3.63E-1
1.14E-1
6.77E-4

-7.98E4
5.28E-4
2.6%E-5

—6.48E-5

-3.8E5

3.57E-1
2.98E40
6.29E-2
—-6.81E-4
-1.16E-3
-6.6%E-5
-5.78-5
-8.05E-5
8.74E6

2) A array

-5.24E-5

-
=

0D e O

0 O U W

4.60E-6
-2.16645
-3.40E40
-2.60E+0
-1.33E40
-3.25E-1

2.45E40
-2.08E+0
-1.34E40

9.97E-1
9.976-1
1.65E40
3.72E40
1.66E40
1.09E40
1.14E40
9.166-1
1.04E40

1.70E+0
3.87E-1
-1.51E40
2.36E40
-1.30E+0
4.786-1
—2.33E40
2.88-1
-3.02E40

2.25840
9.56E-1
7.21E-1
9.08E-1
8.956-1
9.00E-1
9.12E-1
9.27E-1
9.25E-1

1.71E40
1.00E40
3.62E-1
-1.%4E-2
2.50E-1
3.64E40
-4.80E-1
-4.12E-1
-2.51E-1

5.36E-1
1.65E40
3.00E-1
5.47E-3
—6.83E-2
-1.23E40
3.13E-2
5.12E-1
3.58E-2

-3.48E-1
-1.06840
2.98E-1
-2.11E-2
-2,35E-2
—2.50E-2
3.06E-2
3.85E-2
-5.90E-3

-4.65E-1
-4.286-1
2.47E-1
-8.49%E-3
-4.71E-3
1.75E-2
-3.48E-3
-1.206-2
5.47E-2

-4.9%E-2
-3.38E40

1.3%E-1
-1.46E-3
~1.00E-2
-3.12E-3
-8.95E4
-8.36E-3

7.686-3

3) n array

k\i

0

Q0 ~3 CY U1 > W N = O

9.97E-1
-2.15E+5
-1.65E4+0
-1.81E+0
-1.16840
-9.50E-1
-3.33E40
1.24E40
6.25E-1

4.60E-6
9.97E-1
3.40E40
5.34E40
1.91E40
3.74E-1
-8.3%E-1
-1.53E+0
—2.25E8)

1.70E40
-2.92E-1
—-4.64E-1
1.52E40
2. 18640
-1.16E40
-3.02E40
9.56E-1
3.11E40

2.25610
-1.25E40
9.00E-1
~2.25E40
-1.04E+2
3.74E42
-9.36E+1
-1.80E+2
-4.05E+2

1.71EX0
-3.2IE40
7.07E-1
4.57E2
~2.09E+0
-1.11E+2
4.35E+1
5.73E+2
2.81E¥2

5.36E-1
2.54F40
7.156-1
-1.31E-2
42382
-2.21E40
—2.7TEH0
4.63E+1
~4.31E+1

—4.65E-1
3.99E40
2.92-1
1.84E-2

-5.90E-2

-1.03-1
1.15E-1

-1.66E40

-1.0%E+1

183




coldzE  #FAAFTRYA Aled AT

Table 2. R and S array

1) R array

for ARX model

identification of the ARMAX model.

mn\k

3 4

5 6

7

8

4.60E-6
-9.97E-1
1.70E40
-2.25E40
1.71E+0
-5.36E-1
-3.48E-1
4.65E-1

9.97E-1
-2.44E-1
5.44E-1
-4.35%E-1
3.93E-1
-1.97E+0
~2.45E-1
3.286-1

=N O O W O

-2.98E-1
-3.14E-1
9.17E-2
-6.15E-2
5.93E-2
—6.50E-2
4.41E-2
-2.14E-2

3.54E10
1.91E3
5.55E-4
2.13E-3
-8.84E-4
1.55E+4
1.56E4
-1.13E4

-5.26E4 3.20E-3
-2.79E-3 -6.88E-3
-3.238-3 9.%4E-5
1.3%E4 4.86E-5
-1.568-4 8.96E6
-2.42E-1 6.09E6
3.02E-5 -8.97E6
-2.7686 -7.53-6

-5.4E-5
-1.36E-5
4.86E-6
9.4%€-6
74666
2.1%-5
-1.14E5
-4.57E-6

-7.67E-6
-8.61E-6
-1.38€-5
7.7%6
2,966
3.17E-8
-2.36E6
-5.40E-7

2) S array

m\k

5 6

-2.16E+5
-2.71E40
—2.32E40
-1.76E+0
-1.31E40
-3.50E-1
-2.33840
-1.10E40

3.37E40
74940
3.16E40
2.50E+0
2.11IE¥0
2.04E40
2.58E40
2.93E40

N A LN = O

3.986-1
—4.09E4+0
-4.17E40
-4.14E40
-4.29E40
—4.34EH0
-4.36840
-4.33E40

4.0%E+0
2.96E40
-1.17E+1
6.06E+0
5.11E40
—4.80E-3
7.46E40
5.46840

1.25E41
-2.02E40
—6.33E40
~1.08E+1
—7.47E10  1.25E+1
~7.47E10 -2.81EH)
-5.96E10 4.07EX0
-2.53E+1 1.02E+1

6.37E40
6.42E840
5.54E40
6.09E+0

-4 .81E40
—7.52E40

5.80E4+0
—2.68E40
-5.46E0
—6.20E410
—6.18EH0
-9.38E40

-9.27E-1
3.54E40
41740
3.37E40
6.13E+0
4.67E+2
7. 24540
3.96E+1

Table 3. D array for

ARX model identification of the ARMAX model.

—-

5 6

7

8

0O~ W =O P

2.04E-06
4.42E-01
7.56E-01
1.00E4+00
7.60E-01
2.38E-01
-1.54E-01
~2.06E-01
—2.21E02

4.17E-12
1.95E-01
1.30E-01
4. 24E-01
3.40E-01
1.748-01
7.32E-02
3.93E-02
3.33E02

-8.75E-02

8.53E-18
8.66E-02

1.74E-23
3.83E-02
-3.17E-02
5.48E-02
-4.728-04
5.64E-05
-9.11E-05
-1.63E-05
-1.30E-06

1.36E-01
5.47E-02
2.32E-02
9.6%E-03
4.32E-03
1.99E-03

1.64E-29 8.99%E-31
1.69E-02 7.50E-03
1.25602 6.81E-03
2.20E-02 8.34E-03
-5.24E05 -8.56E-05
-1.7IE-06  9.368-07
9.52E-07 -1.05E-08
3.41E-08 2.65E-10
5.77E-09 -8.00E-12

1.83E-36
3.32E03
-1.58E-03
3.58E-03
1.79E-05
177608
-1.43E-10
-4.10E-13
3.18E-15

5.03E-30
1.47E-03
-1.37E03
1.456-03
-3.00E-06
3.08E-09
—2.64E-12
2.35E-15
-1.18E-17
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Table 4. MA order identification results of the ARMAX model.

MA order 1 2 3 4 5 6
AIC 23.21(-10.47 -8.79 {~9.99]/-8.19|-8.81
BIC 28.17|-0.66 | 5.93 19.63|16.35(20.64

Table 5. Estimated parameters of ARMAX(3,2,2,1) model due to the various and proposed methods.

parameters GN P SP HR MF SML

-1.5000 | -1.4925 -1.4942 -1.4981 -1.4924 -1.4940 -1.49039
1.2000 1.2017 1.2042 1.2102 1.2016 1.2036 1.2035
-0.4000 | -0.4035 -0.4049 -0.4087 -0.4034 -0.4044 -0.4044
1.0000 0.9978 0.9977 0.9979 0.9978 0.9977 0.9977
0.2000 0.2175 0.2160 0.2115 0.2176 0.2161 0.2162
0.9000 0.9080 0.9080 0.9049 0.9080 0.9078 0.9079
0.5000 0.5407 0.5263 0.5341 0.5415 0.5311 0.5302
0.2000 0.1956 0.1911 0.1967 0.1977 0.1833 0.1875

E; 1.4507 1.2927 1.3007 1.4293 1.4925 1.4120
GN : Gauss-Newton method P : Proposed method
SP : Spliid method HR : Iterative Hannan and Rissanen method

MF : Mayne and Firoozan method SML : Suboptimum maximum likelihood method

Table 6. Comparison of the estimation results of ARMAX(3,2,2,1) model due to the various
and proposed methods.

param- GN p P HR MF SML

eters | pean std mean std mean std mean std mean std mean std

-1.5000 [-1.4993 0.0146 -1.5001 0.0143 -1.5000 0.0148 -1.4996 0.0144 -1.4996 0.0145 -1.4995 0.0145
1.2000 | 1.1991 0.0206 1.2001 0.0199 1.2001 0.0209 1.1995 0.0200 1.1994 0.0201 1.1993 0.0201
-0.4000 |-0.3994 0.0129 -0.3999 0.0125 -0.3999 0.0133 -0.3995 0.0125 -0.3994 0.0125 -0.3994 0.0126
1.0000 | 1.0007 0.0106 1.0006 0.0104 1.0006 0.0104 1.0006 0.0104 1.0006 0.0104 1.0006 0.0104
0.2000| 0.1987 0.0171 0.1982 0.0169 0.1982 0.0176 0.1986 0.0169 0.1986 0.0169 0.1987 0.0169
0.9000 | 0.8981 0.0108 0.8984 0.0106 0.8982 0.0109 0.8983 0.0107 0.8983 0.0107 0.8983 0.0106
0.5000} 0.4966 0.0332 0.4932 0.0331 0.4953 0.0330 0.4969 0.0328 0.4971 0.0346 0.4968 0.0355
0.2000| 0.1945 0.0324 0.1930 0.0332 0.1944 0.0332 0.1946 0.0320 0.1928 0.0331 0.1934 0.0356

Es 2.0469 0.8118 2.0590 0.8388 2.0887 0.8728 2.0348 0.7693 2.0875 0.7900 2.1142 0.8738
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