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The identification of the autoregressive integrated moving average processes is considered. A method, based
on the autocorrelation function of the given data, is used for the order determination of the process. The
method has been applied to three examples and compared with the other methods. An algorithm for the
parameter estimation of the model is given and, in contrary to earlier investigators, can be extended to higher
order processes. As a practical application, the above mentioned results have been applied to the monthly
electric power of the "Yarn and Textile Company", Shebin Elkom, Egypt, During the years 1982-1987.

1. INTRODUCTION

The identification problem of ARIMA process is one of
the fundamental problems for time series analysis and
signal processing. The problem has been considered by
many authors [4-8], and the application of ARIMA
process to system identification and adaptive control can
be found, for example [3,4]. The identification problem
of ARIMA process can be established in two steps. The
first is to determine the order of the process and usually
the "Residual variance plots" are used [4], and this
method depends on the parameters of the process that are
practically unknown. The second step is to estimate the
parameters of the process and usually the time series data
are fitted by a high order AR (autoregressive) model and
a reduced order ARIMA model from the high order AR
model is derived by applying various model reduction
methods [2,4].

In this paper, a method based on the auto-correlation
function of the given data is used for the order
determination of the process and there is no need to
calculate the "Residual variance plots", and to compare
the results, the AIC (Akaike’s information criterion) [1,4]
expression has been used. An algorithm for the parameter
estimation of the model is given and, in contrary to
earlier investigators, can be extended to higher order
processes.

2. PROBLEM FORMULATION

Consider the autoregressive integrated moving average
process, ARIMA (p,d,q), given by

G(B) u(t) = C(B) e(t)
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t=1,2,...,N,ut) =0, fort <0 (1)

where N is the number of observations, {e(t)} is a

sequence of i.i.d. Gaussian variables having variance ¢ z ,

and B is the backward shift operator defined by Bu(t) =
u(t-1). The polynomial G(B) is a nonstationary
autoregressive operator such that d of the roots of G(B)
= 0 are unity and the remainder lie outside the unit
circle. The polynomial C(B) is the moving average
operator, it is assumed to be invertible, that is, the roots
of C(B) = 0 lie outside the unit circle. Equation (1) can
be written in the form

A(B) (1-B)% u(t) = C(B) e(t) ¥))

where A(B) is the autoregressive operator and it is
assumed to be stationary, that is, the roots of A(B) = 0
lie outside the unit circle. The polynomials A(B) and
C(B) have the form

AB) =1-aB-a,B - ...-aPBP

3
C(B)= l-c,B-cQBz-...-chP A

Equation (2) can be written in the form
A(B) Z(t) = C(B) e(t) 4)

where Z(t) is the dth difference of the series and is given
by
Z® = (1-B)* u(v) ®)

Thus, the model corresponding to the dth difference of
the series can be represented by a stationary, invertible
ARMA process. For a given time series it is required to

D 119



EL-KOBROSY, SHALABY and AFIFY: On The Identification Of Arima Processes

Ldetermine the orders p, d and q of the model (2) and to
estimate the parameters of the polynomials A(B) and C(B)
of the model (4).

3. MODEL IDENTIFICATION

For different values of the orders p, d and q, the
autocorrelation function has been calculated and saved in
the memory of the computer. For a given time series the
autocorrelation function will be compared with the saved
plots. To ensure the accuracy of the results, the AIC is
used, where

AIC(r) = n logé? + 2r 6)
where r is the number of independently adjusted

parameters, n is the number of effective observations, and&i
is the maximum likelihood estimate of the residual
variance. For the estimation of the parameters the model
(4) is used, where the residual is given by

e(t)=Z(t)-a,Z(t-1)-...-aZ(t-p)
+epe(t-1)+... +ege(t-q) @)
The sum of squares of the residuals is given by

N
S(a,c) = ¥ [e(1)]?

t=1
By differentiating S(a,c) with respect to the unknown
parameters, we get the normal equations which can be
written in vector form as

7200y
where

6 =1[a a, @y € Cy ... cq]-r

Y = [Y(1) Y(2)... Y(p) X(1) X(2) ... X(@)]T

where
N

N

Y(i)=Y z(t)z(t-i), X(j)=Y z(t)e(t-j)
t=1 t=1
i=1,2 00y = 1,2 enn 8l

and the matrix Z is given by

) M, M,
7%
My, My,
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where the elements of the submatrices are given by

N

M“(i,j) = E z(t-i)z(t-j)
t=1

I=NIS e pOE=21, 2, ..., p

M,,(i,)) = -i z(t-i)e(t-j)
i=1,2, ...,ptslj =1,2..,4q
N
My (i,j) = Y e(t-i)z(t-j)
i=1,2, ...,:;lj =1,2,..,p

N

My, (i,j) = - Y e(t-ie(t-j)
t=1

IE=NIR2 SN =R, 2,0 .., q

4. SIMULATION RESULTS

Example 4.1. The series in Figure (1) represents a 100
viscosity readings of a chemical process. The
autocorrelation function R(K) is shown in Figure (2).
According to the above mentioned results, it has been
shown that the series follows an ARIMA(2,0,0), where g,
= 1.8 and a, = - 0.85, and from equation (7) the model
is given by

u(t) = 1.8 u(t-1) - 0.85 u(t-2) + e(t)

Example 4.2. The series in Figure (3) represents the
monthly electric power of the "Yarn and Textile
Company", Shebin Elkom, Egypt, during the years 1982-
1987. The autocorrelation function is shown in Figure
(4). The series follows an ARIMA(1,0,0) where a; =
0.95, and the model is given by

u(t) = 0.95 u(t-1) + e(t)

Example 4.3. The series in Figure (5) represents the
series L from Box and Jenkins [5]. The autocorrelation
function R(K) is shown in Figure (6). The series follows
an ARIMA(1,1,1), where a;=-0.85, ¢;=-0.9 and d=1.
The model is given by

u(t) = 0.15 u(t-1)+0.85u(t-2) +e(t) +0.9 e(t-1)
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5. CONCLUSION

The identification of the autoregressive integrated
moving average process has been considered. A method,
based on the autocorrelation function of the given data, is
used to determine the order of the process and the AIC
expression has been used to ensure the results. An
algorithm for parameter estimation of the model is given
and in contrary to earlier work, can be extended to higher
order processes. The application of ARIMA processes to
system identification and adaptive control has not been
considered here and will be published elsewhere.
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Figure 1. The series given in the example 1.
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Figure 2. Autocorrelation function for the series in
example 1.
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Figure 3. The series given in the example 2.
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Figure 4. Autocorrelation function for the series in
example 2.
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Figure 5. The series given in the example 3.
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Figure 6. Autocorrelation function for the series in
example 3.
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