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Abstract. Aiming at the low accuracy of traditional extraction methods, a
method based on data mining is proposed to extract low-frequency noise fea-
tures of electronic components. Firstly, data mining is carried out. Based on this,
the noise modulation model of electronic components is established. Combined
with filtering, the low-frequency noise feature extraction method of electronic
components is optimized, and the experimental analysis is carried out. The
experimental results show that this method can effectively improve the accuracy
of low frequency noise characteristics of electronic components, and has a
certain practicality.
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1 Introduction

Low frequency electrical noise of electronic devices is the manifestation of micro
motion of electronic carrier. Its accurate measurement can provide the basis for noise
characteristics, generation mechanism and analysis application. Noise measurement
can effectively verify the basic theories related to carrier transport in electronic com-
ponents, and also promote the exploration of the physical sources of noise phe-
nomenon. The application of electric noise is one of the goals of noise mechanism
research and noise testing technology research. Based on the research of low-frequency
electrical noise, the correlation research of electronic component defects, stress dam-
age, process level, quality and reliability is put forward, and applied to the optimization
design of components, process control, quality evaluation and reliability screening.
Accurately measure the performance of carrier micro motion in low frequency
noise of electronic devices, which lays a foundation for the study of noise character-
istics, generation mechanism, analysis and application. Noise is a common phe-
nomenon in nature. People's understanding of noise begins with the most intuitive
sense of hearing and sight. The response of the auditory system and the visual system
to the noise of the electronic system are “noise” and “noise” respectively [1]. The noise
of electronic components restricts the noise level, detection sensitivity, false trigger
rate, fidelity and resolution of the whole system. With the deepening of research,
people gradually realize the dialectical relationship between noise and signal, that is,
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noise contains blood signal. Therefore, the connotation of noise research has been
gradually expanded, and the extraction and detection of noise have also begun to
receive attention. The internal noise of electronic components, especially the low
frequency noise, is very sensitive to the difference of bystanders or the defects caused
by different materials, structures and processes of hardware components. Therefore, the
low-frequency noise of electronic components can also be applied to the study of
device quality and reliability characterization [2, 3]. The research on noise extraction
and measurement of electronic components needs the efforts and wisdom of scholars in
various fields. On the one hand, the deep understanding and explanation of the essential
laws of physical phenomena in the theoretical study of noise is the basis of noise
testing, analysis and application research. On the other hand, the study of noise testing
and analysis is the verification and supplement of theoretical research, and also the
power of noise extraction and testing technology progress and application transfor-
mation. For this reason, this paper proposes a method of low frequency noise feature
extraction of electronic components based on data mining. The innovation lies in the
use of autoregressive model to extract the deterministic components and obtain the
autoregressive model of low frequency noise. By linear transformation of the auto-
correlation function of low frequency noise, the weight coefficient of linear prediction
can be obtained. Experimental results show that this method can effectively improve
the accuracy of low frequency noise characteristics, and has certain practicability.

2 Data Mining

Assuming that {X,},n = 1, ..., N is the noise point of an electronic component, which
is located in a phase space, and C(¢) is the correlation function. Then the proportion of
points whose distance is less than a certain value can be expressed as:

Cle) = Z Z 0(e — || X: — X)) (1)

Among them,
the Heaviside step function. When x takes different values, 0 will take two different
numbers. For the point pair (X;,X;) with a distance less than a certain value, it is
recorded as the correlation dimension. When the distances of N meet certain require-
ments, C(¢) obeys the exponential law and needs to meet:

= lim lim d(N, ¢) (2)

e—0N—0

The above formula D is the correlation dimension. Envelope demodulation is a
commonly used feature extraction method, which mainly includes two parts: the
solution of analytical electronic component signals and the Fourier transform. Ana-
lyzing the solution of electronic component signals is a key technology [5], and the
solution method is shown in formula (4):
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s/ X(n,f, A -+ (Hilbert (x(n. £, Af)))? (3)

In the formula, xy is the envelope signal of the frequency band signal, and
Hilbert(-) is the Hilbert solution function.

On this basis, select a reference point and make a neighborhood, find the trajectory
distance from the neighborhood point to the reference point [6], and take the logarithm
of the average distance to obtain the relevant data of the electronic components. The
calculation formula is:

1Y 1
S(Vn)==> In|+——%— |sno +Vn — s, + Vn| (4)
N,;:l |u(ﬂn0)| ﬁneu%no)

In the formula, f,, and u(f,,) are the embedded vector and neighborhood
respectively, |u(f,o)| is the relevant data volume of electronic components, 3, is the
salient feature point of electronic components, s, is the last salient element of f3,,, and
sq0 + Vn represents the time range beyond.

3 Extraction Method of Low-Frequency Noise
Characteristics of Electronic Components Based on Data
Mining

3.1 Noise Modulation Model of Electronic Components

The noise generated in the operation of electronic components contains obvious
modulation signals, which are mainly caused by the periodic excitation force of
electronic components. In this regard [7], the establishment of a single-component
modulation model of electronic component noise is shown in the following formula.

xma(t) = Ay, cos(2nfit) (5)

In the formula, xj4 represents the noise modulation signal of electronic compo-
nents, A, is the amplitude of the noise modulation signal, f,, is the characteristic
frequency of the modulation signal, f;; is the frequency of the carrier signal, and N is
the total number of carrier signals.

As a result, a noise modulation signal appears in the emitted noise of electronic
components, and the established amplitude modulation-frequency modulation modu-
lation signal of the low-frequency noise signal of electronic components is shown in
formula (7). The characteristic frequency of the modulation signal can be solved by the
derivative of the corresponding information [8], and its instantaneous modulation
frequency is shown in formula (8).
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Xuar () = Apy 08O (1 Z cos(2nfi) (6)

In the formula, xpas(t) represents the low-frequency noise signal, A,y is the
amplitude of the low-frequency noise signal, and 0,,(t) is the change of the angle of
the low-frequency noise modulation signal over time.

d0,y (1)

Jor (1) = e

(7)

In the formula, f,,/(t) represents the instantaneous frequency of the low-frequency
noise signal.

The autoregressive model is used to extract the deterministic components. The
autoregressive model of low-frequency noise can be expressed by the following
formula:

XAR = — Zqix(n —1i) (8)
=1

In the formula, x4z represents the deterministic signal component obtained by linear
prediction of low-frequency noise, ¢(i) represents the weight coefficient, and p rep-
resents the order of the AR model. The weight coefficient a(k) of linear prediction can
be obtained by linear transformation of the low-frequency noise autocorrelation
function r44(Z). The weight coefficient g(k) can be solved using Yule-Walker equa-
tions, and the noise modulation model of electronic components is obtained as shown
below.

N—

Zx x(n—1),0<i<p-—1 9)
n—0

,_

ZIH

3.2 Normalized Processing of Low-Frequency Noise Performance
of Electronic Components

When the low-frequency noise intensity D =0, there is a critical value

= /4a3/27b. When Ay is greater than, the low-frequency noise balance of the
entire electronic components will no longer be maintained. For this reason, for sim-
plicity, let 5 = 1, and the bistable potential function is U(x) = —ax/2+x*/4. For
small parameter signals (amplitude, frequency and noise intensity <<1), as the time of
occurrence of resonance of electronic components increases [9], the signal-to-noise
ratio of the response of electronic components reaches the maximum. At this time, the
output power spectrum S(f) consists of two parts of the power spectrum, namely:



264 X. Qi

S(f) = S1(f) + S2(f) (10)

In the formula, S;(f) represents the power spectrum caused by the input low-
frequency noise periodic signal, which is equal to the frequency spectrum of the input
signal; S,(f) represents the power spectrum caused by the low-frequency noise,
showing the form of Lorentz distribution [10]. Among them, the Lorentz distribution
characteristic curve is shown in Fig. 1, and the respective expressions are as follows:

2a*A% exp(—a/2D)/(n*D?)
(2a% exp(—a/2D)/n%) + (27f3

Si(f) = )X5(fo -f) (11)

Power spectrum S, (1)

0 0.1 0.2 0.3
Frequency f

Fig. 1. Characteristic curve of Lorentz distribution

When the value of low-frequency noise intensity D is different, the corresponding
noise output power spectrum S,(f) varies with frequency. It can be seen that within a
certain range, the greater the noise intensity, the smoother the Lorentz distribution
characteristic curve; the smaller the noise intensity, the curve The steeper [11]. The
output power of noise has the characteristic of Lorentz distribution.

The method of extracting the low-frequency characteristics of electronic compo-
nents by entropy is usually to estimate the entropy by C,(m, ¢). The main principle is as
follows: Let C’q(s) represent the generalized C,(m,¢) estimate, and the expression

between C,(z) and entropy is as follows:
C,(m, &) o £(1=9)Dq ,(q—1)Hg(m) (12)

D, is the g-order generalized dimension, and H,(m) is the generalized sum of entropy.
If you want to divide the low-frequency noise performance of electronic components
into countless parts, the parameter ¢ needs to meet the ¢ — 0 condition, but at the same
time it will bring about some problems, that is, the number of points in the field is too
small, resulting in obvious fluctuations, and it is difficult to apply it in practice [12]. In
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order to have practical application value, the following conditions must be met:
Entropy is independent of parameter ¢. The usual practice is to determine the appro-
priate scale range, draw the Ca(m,¢) local slope d(m,¢) ~ ¢ curve, and observe the
visible platform of each curve. If there is a visible platform, the size of D, does not
change, when ¢ selects a different value, the value of &P4 is always the same, then h,
can be obtained by the following formula:

Cy(m, &)

h =H l,e) = 1In—F———"—
5]<m78) q(m+ 78) an(m+1,8)

(13)

According to the characteristics of noise modulation of electronic components, the
frequency of carrier noise is much greater than that of modulation noise, so the first
wavelet packet decomposition frequency band is not included in noise demodulation
[13]. The energy coefficient of the noise decomposition frequency band can be
expressed by the proportion of the energy of each frequency band in the total energy, as
shown in the following formula:

1

D B
i=2

In the formula, 17 represents the energy coefficient of the i-th frequency band of the
n-th order.

According to the definition of the spectral correlation density function, the corre-
sponding signal x(¢), its spectral correlation density function is [14]:

i) = X[ +0/2X'(f — 0)2) (15)

From Egq. (15), it can be known that the spectral correlation density function of
signal x(¢) represents the correlation of its spectrum on two different frequency com-
ponents f + w/2 and f — w/2. The weaker the correlation, the more characteristic the
low-frequency noise performance at the cycle frequency is w. Significantly. In order to
be able to quantitatively describe the strength of the low-frequency noise performance
of electronic components [15, 16], the statistic p,(w,f) is defined as the spectral
coherence function of the low-frequency noise x(¢)), which normalizes Sy(w,f):

Sx(@.f)

pu(,f) = (16)
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3.3 Low-Frequency Noise Performance Extraction of Electronic
Components

In order to simplify the extraction process, assuming that the low-frequency noise of
electronic components is dominated by white noise [17], it can be obtained from
Egs. (19) and (20):

dx ,
7 U'(x) +s(t) +n(z) (17)

In the formula, s(7) is the input signal, n(f) = v/2DE(z) is the white noise, &(7) is
the Gaussian white noise, n(z) satisfies (n(r)) =0, (n(t)n(t — 7)) = 2Da(z), D is the
noise intensity, U(x) is the potential function of the electronic component, and x(¢) is
the output signal of the electronic component [18]. Then the potential function of the
electronic component, the expression is as follows:

2
U(x)z—%+¥ (18)

In the formula, a and b are parameters whose potential function of electronic

components is greater than 0. The potential function has a minimum value U(x) =
—a?/4b at x = £/a/b and a maximum value Ux = 0 at x = 0.

According to the linear prediction, the deterministic signal composition of the
signal can be obtained, and then the residual signal formula composed of the low-
frequency noise modulation signal component and the noise signal can be obtained as
follows [19, 20]. Therefore, linear prediction based on AR model is an effective signal
pre-whitening tool.

P
xam(t) +xo(t) = x() + Y a(k)x(t — k) (19)
k=

1

In the formula, x4, (?) represents the modulation noise signal, and x,() is the noise
component in the monitoring signal.

The choice of modulation frequency band has an important influence on the
demodulation effect of the final algorithm. When the carrier frequency band is mod-
ulated, the modulation frequency band is mostly the frequency band with higher
energy. In this study [21], the modulation noise energy is used as the selected basic
index. The calculation of frequency band energy is shown in the following formula.

2
B! = pct 20
In the formula, ||-||, is the solution function of 2 norm, E} represents the energy of

the i-th frequency band of the nth order, and wpc? represents the signal of the i-th
frequency band of the nth order [22].
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By synergizing the low-frequency noise and intensity of electronic components, a
simple model that can produce stochastic resonance is obtained:

d

i; = ax — bx + A cos(2nfyt) + n(t) (21)
In the case of no change, the potential function of the electronic component is

constrained by the periodic signal s(¢) = A cos(2nfor), and the modulated bistable

potential function is obtained as:

1 1
Wﬂ:—imﬂqﬁﬁ—mﬂhm) (22)

The ratio of the low-frequency noise of electronic components to the average power

of the unit noise spectrum at f = f; is called the signal-to-noise ratio of electronic
components, namely:

fo Si(f)df

NRow: =
SNRou = S =fo)

(23)

Based on the calculation result of the signal-to-noise ratio, several low-frequency
noise components are removed to ensure that the remaining low-frequency noise
performance is significant [23], which is equivalent to filtering by a high-pass filter.
The filter bank is completely adaptive, and the high-pass filter can be expressed as:

k
=> 600 (14)

=

In the formula, j = 1, 2,..., which means to retain the first k IMF components of the
signal, so that a high-pass filter can be constructed. Retain the significant performance
of low-frequency noise, and transfer high-frequency energy to low-frequency.

Assuming the center frequency f(m) of each filter, the frequency response of the
filter is H,,(k):

0,k<f(m—1)
Al f(m — 1) <k <f(m)

f(j;:i-'—l f(m) ’f( ) k f(m+ 1)
0,k >f(m+1) 0<m<M—1

Hy(k) = (25)
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In the formula, the center frequency f(m) of each filter is:

o) = () (50 +m (P70 ) (26)

In the formula, f, and f; are the highest and lowest frequencies of the filter bank, f;
is the sampling frequency, N is the number of sampling points per frame, and M is the
number of filters. B~ is the inverse function of B.

The energy spectrum P(f) is passed through the Mel filter bank. The passable
frequency range of this wave device group is 0 ~ fy/2 (fy; is the sampling frequency).

E(m) =) p(f)-Hu(f) (27)

Among them, N is the total number of points of each frame signal, and M is the
number of filters.

From the design idea of the Mel filter, it can be known that when the center
frequency of a certain Mel filter is f(m), the frequency response function of the filter is
H, (k).

0 k<f(m—1)
k—f(m—1)
o=y S m—1)<k<f(m)
Hn(k) = f;(fnfl) 11) (28)
Fmr Do Sm) <k<f(m+1)
0 k>f(m+1)

In the formula, 0 <m <M — 1, the number of filters is M, and the calculation
formula for the center frequency f(m) of the Mel filter is:

sion) = (5 Yttty 0= 2K (29)

In the formula, f; is the sampling rate, f; and f; are the lowest and highest fre-
quencies of the filter bank respectively, N is the number of sampling points of each
frame of data, and Mel~! is the inverse function of Mel.

Assuming that x(¢) is the most stable low-frequency noise performance of elec-
tronic components, it is assumed that the correlation function R,(z,7) of x(¢) is a
periodic function with T as the period in the time delay domain. That is
R(t,7) = R\ (¢t + T)t. Then F is expanded in the form of R,(z, 7) ourier series, and the
low-frequency noise performance extraction results of electronic components are:

=00

Z Rm) 61271(01‘ (30)

W=—00
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4 Analysis of Results

To verify the application performance of the low-frequency noise extraction method of
electronic components.
4.1 Basic Settings

The low-frequency noise performance of electronic components is selected for
reconstruction, and the result is shown in Fig. 2 below.

0.06 | 1

0.04 f 1

0.03 1

0.02 MWWVNMM\/\J
— S2(t)
0.0Lr s2(t)
— S2cor

O 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200

Fig. 2. Low-frequency noise performance reconstruction

In the above figure, the horizontal axis 7 represents the time variable, and the three
different colored curves from top to bottom represent the values of the relevant index
Sacor Of the statistic, the difference AS,(¢) of the statistic, and the statistic S(¢). The
time delay parameter is determined by the first zero point of S,(¢), or the time corre-
sponding to the first minimum value of AS,(¢), and the time window t,, is determined
by the time corresponding to the minimum value of S,.,,. Phase space is the model
basis for the extraction of chaotic characteristics and the basis for the extraction of low-
frequency noise performance of electronic components.

4.2 Comparison of Extraction Accuracy

In order to make the proposed method effective, the following experimental tests
further compare the accuracy of different extraction methods. The specific experimental
comparison results are shown in Table 1:
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Table 1. Accuracy comparison of different extraction methods

Number of test samples/ | Accuracy/(%)
(a) The proposed Literature [5] Literature [6]
method method method

15 0.958 0.508 0.652
20 0.924 0.578 0.674
25 0.945 0.557 0.685
30 0.974 0.595 0.602
35 0.986 0.512 0.754
40 0.935 0.604 0.771
45 0.957 0.634 0.774
50 0.964 0.645 0.781

The analysis of the experimental data on Table 1 shows that the accuracy of the
literature [5] method reaches 0.645, and the literature [6] method is 0.781, while the
accuracy of this method is up to 0.964,. It is seen that this method effectively solves the
problem of low-frequency noise performance extraction of electronic components,
effectively avoids external interference, effectively improves the accuracy, and sig-
nificantly outperforms the other two extraction methods. The superiority of the
extraction results of the proposed method is fully demonstrated.

5 Conclusion

To solve the problem of low extraction accuracy in traditional extraction methods, a
data mining-based low-frequency noise performance extraction method of electronic
components is proposed. By introducing data mining methods, the analysis of low-
frequency noise performance can be effectively improved, and the improved method is
effectively improved by combining modulation and filtering. The effectiveness of
extraction and the significant increase in extraction accuracy have certain advantages.
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