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Identification of Autoregressive Model Based on Burg Algorithm

and Its Application to Diagnosis of Nuclear Reactor

Koji HAYASHI and Ritsuo OGUMA
Division of Reactor Engineering,
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(Received January 30, 1982)

The present study is concerned with experimental evaluations of
autoregressive modeling based on Burg algorithm, the so-called maximum
entropy method, and its application to reactor noise analysis.

With a view to analyzing short data recordings, the Burg algorithm
was evaluated by comparing with that based on Yule-Walker methed,
through model fitting to simulation data using sinusoidal signal with
and without additive white noise. The influence of the model order,
the number of sampled data and the initial phase of data are considered
in these evaluations. The results show that the shift in the locations
of estimated spectral peaks from true ones, which is sometimes observed
when analyzing short data recordings, is due to incorrect estimate of
the variance of the data.

This method was applied to the neutron noise data sampled from a
power reactor. The spectral analysis was performed for individual short
data recordings with equal length obtained by dividing an original long
data recordings. The result suggested that present methed is capable of

detecting time dependent wvariation of the location of spectral peaks.

Keywords: Burg Algorithm, Autoregressive Model, Maximum Entropy Method,
Reactor Noise Analysis, Diagnosis of Nuclear Reactor,
Spectral Analysis, Comparative Evaluations
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Table 3.1 Conditions of the simulation data set

Function Frequency | Period Sampling | Number of
fO T Interval | Data Points
At in T
Case-1 Asin(ZﬁfOt) 1.3 0.666 0.061 %12
Hz sec sec
Case-II || Asin(2mEt) “ “ « o
_ + w(t)
Case~III w - “ 0.0061 =111
sec

BN TN

DaTé; WEAN= . 293E+93  SCALE=  ZBaR+4l UQEIQHCE= .329E+81

PLOT FROM X( 15 70 ¥ 13>

T
AR

DATA; MEAN= .119E+82 SCALE= . I27E+81  UARIANCE= .324E+81
PLOT FROM X 1) TO X 2885

Case~II1 T

b

DATR; MEAN= .146E-81 SCALE= .384E+d1  UARIANCE= .319E+81
PLOT FROM X( 17 TO ¥C 1289

Figure 3.1 Simulation data sets used for the AR model identification test
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Figure 3.2 Comparison of the estimated autocorrelation functlon patterns

between Burg method and the direct method (1/N,1/N-£) for two

. differeunt lengths of a data set sampled from the simulation
data "CASE-I". Right figure shows the case of data length N=12
and left the case of N=200.
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Figure 3.3 Comparison of the estimated APSD patterns between Burg method

(upper) and Yule-Walker method (lower) for various lengths
of data sets sampled from the simulation data "CASE-I".

The numbers in above figures express the data length N.
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Figure 3.4 Comparison of the identified AR parameters between Burg method

and Yule-Walker method for various model order M using a data
set sampled from the simulation data "CASE-I", (N=200)
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Figure 3.5 The behavior of FPE function and reflection coefficients
of the identified AR model for a 200-point data set sampled
from the simulation data "CASE-I", ( Burg method )
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Figure 3.6 The estimated autocorrelation function patterns for various lengths
of a data set sampled from the simulation data "CASE-I". The upper
figure is the result for lag value = 100 and the lower one for lag
value = 10. The right part of each figure shows the envelopes of each

autocorrelation functien.
{ Burg method )
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Figure 3.7 The behavior of FPE functions of the identified AR models
for various lengths of a data set sampled from the
simulation data "CASE-I". { Burg method )
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Figure 3.8 The estimated frequency f, of spectral peak for various
lengths of the simulation data "CASE-1" { Burg method )
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Figure 3.9 APSD patterns for various initial phases (start points) of
a 5-point data set sampled from the simulation data "CASE-I".

( Burg method )
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The behavior of the estimated frequency f
AR parameters for various initial phases

and the identified
?start points) of

a 5-point data set sampled from the simulation data 'CASE-I".
Here AR model order M=3 was used. ( Burg method )
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Figure 3.11 APSD patterns for six different initial phases (start points)of
a 12-point data set sampled from the simulation data "CASE-I"

The start points are selected as 1,3,-++,11. { Burg method )
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Figure 3,12 The behavior of the estimated frequency f, and the identified
AR parameters for six different initial pgases (start points) of
a 12-point data set sampled from the simulation data "CASE-I".
Here AR model order M=2 was used. ( Burg method )
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Figure 3.13 Comparison of the estimated APSD patterns between Burg method
and Yule-Walker method for various lengths of a data set sampled
from the simulation data "CASE-II". The numbers in above figure
express the data length N,



SPECTRUM

SPECTRUM

Figure 3.14

LAGH=500 DT=0.006(SEC)

JAERI— M 82-009

b

-1

LAGH=500

100 10! 10
FREQUENCY (HZ)
[DT=0.006(SEC)

-5

T el . ¥ -

Yule-Walker
{ 1/N )

1
1
1
1
1
1
1
1
'
!
l
1
I
1
'
I
!
I
I
!
I
1
1

10

107!

10° 10! 10
FREQUENCY (HZ)

Comparisdn of the estimated APSD patterns between Burg method

{upper) and Yule-Walker method (lower) using the simulation data
"CASE-ITI". Upper figure is concerned with two different data lengths
{N=60,120)}. Lower figure is concerned with two different model orders

(M=10,50)
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Figure 3.15 APSD patterns for various model order M using a 120-point

data set sampled from the simulation data "CASE-III".
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Figure 3.16 Comparison of the identified AR parameters between Burg method
and Yule-Walker method for various model order M using a data
set sampled from the simulation data "CASE-III".
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Figure 3.18 The neutron ncise data sampled from Halden reactor
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Comparisen of various APSD patterns obtained by specifying
different model order M in the AR modeling to neutron noise
data of 500-points measured at Halden reactor. The model
order when FPE became minimum was 33. { Burg method )

Each group of APSDs plotted are shifted by one decade to
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