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1. Introduction

In Korea there are over 20 nuclear power plants
(NPP) that are operating and being constructed and
some of them have been operated more than 20 years.
As the operating time is elapsed, it is anticipated that
the failures of machinery such as the valve, the pump
and other rotating equipment, pipe, and etc., will be
occurred frequently. While the importance for on-line
monitoring of its failure is being increased. It has not
been easy to implement the monitoring system due to
the lack of detection and analysis technologies, the
difficult installation of sensors, the economic
consideration to the expensive system, and so on.
Therefore it is necessary for adding these monitoring
system to the NPP that the sensing and monitoring
system can be simply installed, easily operated and
maintained and of course should be inexpensive. In this
study we propose to use the piezoelectric sensors like
accelerometer, acoustic sensor, in which no additional
power or no other additions are required. Also, we
introduce a time-frequency distribution with an
adaptive cone-kernel which is designed for on-line
monitoring the abnormal conditions of machinery in
NPP. This paper summarizes the design of adaptive
cone-kernel time frequency distribution (TFD) and its
performance.

2. Cone-kernel Time-Frequency Distribution
The general class of TFD for an analysis was
introduced by Cohen.[1]

cero= [ ¢(z—y,r)x(wg)x*(y—%)efﬂ*ﬁd;dr (1)

Where x(u) is a time analytic signal and x'(u) is its
complex conjugate. ¢ is a kernel function which
determines the size and shape of the cross-term
obscuring the true energy distribution. How to reduce
the cross-term optimally is a key point in the TFA, and
for last two decades many time-frequency distributions
(TFD) with each own kernel function have been
presented to reduce the cross-terms.[1] The cone-kernel
distribution (CKD) proposed by Y. Zhao, et al [2] is a
TFD with the best capability of suppressing the cross-
term; instead, sacrificing many of desirable

properties.[3] The cone kernel in the #—7 domain is
represented by

g(@), |tlzalt| 2
o T)_{ 0, o @
In Eq.(2) the cone boundary parameter, @, adjusts the
slopes of the cone with the constraint, 2 < a < o, and
usually is set to 2 according to the finite support
property. The g(7) is a window function and it is
usually represented by the Gaussian function. The
discrete form of CKD is represented by [2]
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Where, according to the cone length 7, the resolutions
of time and frequency domains are traded off.

Another key point in the TFA is to reduce the
computations. Regardless of many researches in TFA it
has not been widely used in the real world due to its
excess of computation.

3. Adaptive Cone-Kernel TFD

The adaptive optimal kernel TFD was introduced by
Baraniuk and Jones in the early of 1990°s,[4] and its
performance measure is an energy concentration or
kurtosis. The adaptive cone-kernel distribution (ACKD)
was proposed by Czerwinski and Jones.[5] We also
studied an ACKD, but it is a more computationally
efficient adaptive method. The frequency values at a
particular time step n, are calculated for each
incremental step of variation of the cone length. The
ACKD can reduce the computations remarkably
compared other methods and makes it possible to
implement on-line or real-time monitoring. Its
performance measure is the normalized Shannon’s
entropy which is expressed as
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Where 7 is a time index, m is a discrete frequency index,
and T is a cone length. The fy is a normalized energy



represented by
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The optimal cone length 7 at a particular (fixed) time
index is determined when the entropy is reached to the
threshold entropy or has a local minimum value before
reaching to the threshold entropy from the following
expression.
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To avoid an inaccurate determination by the local
minimum point, the entropy curve is smoothed by the
curve smoothing technique.[6]

4. Results of the Vibration Data Analysis

Fig.1 shows an arbitrarily generated test signal that is
mixed by several signals. Fig.2 shows the ACKD
proposed in this paper to the test signal. The maximum
search range of the cone length is given by 64 and the
threshold parameter is set by 4 = 0.05. The optimal
values of cone length calculated in this adaptive method
are shown in Fig.3. When comparing the ACKD with
other TFD’s shown in Fig.4, its performances are
comparative. In particular the ACKD showed a better
time-frequency resolution to two vertical strips for
corresponding impulse signals.

5. Conclusions

It is well known that the TFA is an effective method
for analyzing the noisy signals mixed with the
stationary and non-stationary characteristics. The
proposed ACKD as a TFA, showed better time-
frequency resolution and more reduction of cross-terms
compared with other TFD’s. It also reduced the
computations to the order of normal TFD. Therefore it
is expected that the on-line or real-time failure
detection of machinery in NPP can be realized to some
degree. In addition, the use of simple passive sensing
devices for monitoring the abnormalities of machinery
is recommended considering the field environments of
NPP. Finally it is believed that the ACKD can make the
operation of monitoring system easy.
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Fig. 1 Test signal
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Fig. 2 ACKD for a test signal

Fig. 3 Determination of optimal cone length

Frequency (kHz)
Frequency (kHz)

o i w

Z
S
8
ZLs
4
5T
8!
457

Data Samples Data Samples

(a) Choi-Williams Distrbution (b) CKD
Fig. 4 TFD’s for a test signal
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