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Katsutoshi Mine, Masato Kitazaki, Katsuyoshi Wakabayashi, Yuji Morimoto

Department of Electrical Engineering

Faculty of Engineering

Kyushu Institute of Technology, Kitakyushu city, 804 Japan

ABSTRACT

This paper describes a new method of noise-
canceling in an instrumentation using a pair of
identical Potential Transformers (PT). This
method allows us to get reliable signals without
any noise, not only on the transmission line, but
also on the sensors; even if we do not have a
reference noise or a specific noise. In this case
"any noise" means normal mode noise (NMN), under
a quarter frequency of the switching.

We proposed to call this method alternating
noise-canceling (ANC). The accuracy of this new

method has been verified by experimentations.

1. INTRODUCTION

Recently inaccurate data has been a problem in
the instrumentation and control of electrical
power systems because of noise. Malfunctioning is
another problem caused by noise. Another problem
has occurred when testing the power characteris-
tics of commercial based electric generators and
transformers. In this situation noise induced on
the transmission line by electro-magnetic inter-
ference distorts instrumentation[1].

Random noise is generated by the vibration of
electrons in the sensor and in the instrumenta-
Wiener[3]

Bucy[4] have presented methods for countermeasur-

tion circuit{2]. and Kalman and

ing random noise. If the signal and the noise
are separated in the frequency domain, the noise
can be reduced by filtering or by using a
cepstrum[5]. These methods effectively reduce
both additive and convoluted noises. By acquir-
ing the reference noise, the adaptive noise can-
The noise within the

the

celer cancels the noise[6].

signal is reduced by finding specific

11Nz

noise{7], even if neither the signal nor the
noise can be separated in the frequency domain.
The switching noise is canceled by using a sensor
and a sensordummy[8}, but this method cannot can-
cel noise on a transmission line. We have
proposed three methods of alternating noise-
canceling(ANC).  These methods do not need the
acquiring of the reference noise for noise can-
celing even if the signal and the noise can not
be separated in the frequency domain. One method
uses a sensor-sensordummy[9], the second method
used a dual sensor and finally, the third methcod
uses one sensor for the purpose of canceling
noise on the transmission line[10]. The noise
added on the transmission line between the sensor
and the analog switch could not be canceled using
all of these methods.

In this paper we will discuss a new method of
ANC.

and the apalog switch is eliminated by using this

The problem which arises between the sensor

method.
The

first signal was made by the first PT which was

We made two signals using a pair of PT.

connected 'order connection' to a transmission

line by an analog switch. The second signal was
made by the second PT which was connected

'reverse connection' to the transmission line by

the analog switch. We subtracted the second sig-
nal from the first signal, and got a reliable
signal without the noise not only on the trans-
mission line but also on the sensor. In this

case 'any noise' means normal mode noise (NMN)
which frequency is under a quarter frequency of
the switching frequency.

The accuracy of this method, without acquiring
the reference noise, has been verified by experi-
ments even where there was signal overlap noise

in the frequency domain.
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Fig. 2 Block diagram of detecting devices. Where

A

is noise. When an analog switch selects
"A", the output (Va) is a positive signal

with noise (V1+n). When an analog switch
selects "B", the output (Va) is a negative

signal with noise (—V1+n).

2. ANC
Fig. 1 shows a schematic diagram of the ANC
system. This system is composed of three parts:

signal detecting devices, a transmission line and
data processing devices. Fig.2 shows a block
diagram of signal detecting devices. The signal
detecting devices have two sensors and an analog
switch. The two sensors have the same charac-
teristics and detect the same object. "Sensor
#1" connected orderly and "Sensor #2" connected
reversely. Since an analog switch selects one of
these sensors alternately, the output of the sig-
nal detecting devices becomes a time-sharing sig-
nals (positive signal and negative signal).

Fig. 3(a) shows a waveform of this signal.
When noise mixes in the sensors or the transmis-
sion line, to the data

the input processing
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Schematic diagram of Alternating Noise-Canceling System

(a) output signal from
devices

(¢) input signal to the data processing
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Fig. 3 The waveform of each devices

in ANC system.

devices is a positive signal with noise (Va)i—l’
and then a negative signal with noise (Va)i
alternately. Figs. 3(b) and 3(c) shows these
waveforms.

From Fig. 1 and Fig. 2
(1)

(Va)i—1=(vl+n)i—1 at t=i-1

(Vo) y=(-Vi4n); at t=i (2
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Fig. 4 Details of the signal detecting devices.

In the data processing devices these signals
are sampled, and then converted to digital data.
The sampling and AD conversion are synchronized
with the alternating switching by a control logic
circuit. The input to the microcomputer is dis-
crete and has a time lag between (V
(V)5

microcomputer.

ali-1 and
Interpolation processing is done by
The interpolation value of the
opposite signal with noise at t=i-1 is composed

for as follows:
@)1 1=V +(V) 5 9)/2

N
=(‘V1+n)i_1 (3)
In the microcomputer the subtractive process—

ing is done using the Eq. (4) at t=i-1, and the
noise is erased and we have only twice the

amplitude of the signal that Fig. 3(d) shows.
P
(Va)i-1=(Va)y1=(Vp#nd; ~(=Vp4n)5

225 (%)

where, (Vi+n); 1=(V);_1+(n)y_ 4
(V145)1—1jj(61)i—1+(%)1—1
V5V, (35

3. THE RESULTS USING ANC METHOD
In this experiment, we measured a commercial
frequency voltage,(60Hz, 200V). Fig.4 shows the

details of the signal detecting devices.
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Fig. 5 The results of noise-canceling.
Where; ny:the noise induced to sensors
ny:the noise induced to the

transmission line.
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Fig. 6 The power spectrum of the waveform in
Fig. 5(a).

The primary rated voltage of the PT is 220V and
the secondary voltage is 110V.

In this case a second transformer was con-
nected to the output of the PT. Noise was added
to a second transformer and to a transmission
line using a noise-generator. The frequency of
alternating switching is l4kHz.

In the control logic circuit the time-sharing
signal is changed to a differentiation signal
using HPF (High Pass Filter). This signal is ab-
solutely amplified and changed to pulse using a
one-shot multivibrator. The phase of this pulse
is stabilized using PLL (Phase Locked Loop), and
this pulse is used as a synchronizing pulse.
Figs. 5(a) and 5(b) shows the results of this
experiment.

In Figs. 5(a) and 5(b), the noise is induced
to sensors and to the transmission line. Figs.
6(a) and 6(b) show the power spectrums one of
these results. In Fig. 6(a) we can recognize the
noise peak, but in Fig. 6(b) the noise peak
disappears.

The results of these experiments are that the
noise has been canceled using the ANC method and
we have obtained only the signal without noise.
We evaluated the validity of the ANC method by

using a cross-correlation function shown in Eq.(5)
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Table 1 The evaliatioin by cross-correlation

function and SNR.

noise

frequencylllz) | cor(a) | cor(b) | SNR(a) | SNR(b)
n, na
60 60 0.953 | 0.999 | 23.926 | 48.590
128 120 0.963 | 0.999 | 17.197 | 50.736
360 720 0.927 | 0.998 | 18.836 | 49.913

ny The noise induced in sensors

n, ¢ The noise induced on the

transmission line

Xy

R=\/2x2+2y2 )

where, X:original signal
Y:signal with noise (cor(a))

signal without noise (cor(b))

Furthermore, in order to examine the degree of
the noise-reduction, we made an evaluation by
using the SNR (Signal to Noise Ratio) shown in

Eq. (6).
SNR=201ogq(rms(s)/rms(n)) (6)

where, rms(s):r.m.s. value of signal

rms(n):r.m.s. value of noise

Table 1

correlation and the SNR.

shows the results of the cross-
"SNR(a)" are

the results before noise-canceling and "cor(b)",

"cor(a)",

"SNR(b)" are the results after noise-canceling.
From these results we can say the validity of

this method has been verified.

4. CONCLUSION

(1) We have developed a method of noise-cancel-~
ing in an instrumentation, using a pair of iden-
tical PTs, analog switch, an AD converter and a
microcomputer.

(2) This method allows us to get reliable sig-

nals without any noise not only on the transmis-



sion line, but also on the sensors, even if we do
not have a reference noise or a specific noise.

(3) The accuracy of this method has been
verified by experiments and evaluation using the

cross~correlation function and SNR.
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