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Abstract

Methods of Alternating Noise Canceling were previously
developed for the optical instrumentation;-oné using a dual
photo sensor and another using a single photo sensor that
could cancel normal mode noise on a iransmission line,
even il the noise was of equal slatus noise. But thie meth-
ods could not remove noise on sensor line. This paper
discusses a new method of using a plolo sensor with a
resistance sensordummy, eflectively canceling equal status
normal mode noise not only on a sensor line but also on
a-transmission line of an optical instrumentation. The ac-
curacy of this method has been verified by experiments
using siuusoidal wave as an equal status noise on a sensor
line and/or rectangular wave as an cqual status wide band

noise on a transmission line respectively.

1 Introduction

In industrial working condition, signal mcasnurements by
an inslrumentation with an optical sensor are inaccurate
hecause of noise. An Alternating Noise Canceling (ANC)
method {1] using dual sensor{2] and a sensor(3] on an op-
tical instrumentation was previously developed that conld
cancel normal mode noise (NMN) on the transmission line,
even if the noise was equal stalus noise.

These methods had some imperfections, for example it
could not remove noisc on sensor line. Therefore, a method

using a sensor with a sensordummy was developed using

ANC method with a pair of hybrid 1Cs against NMN not
only a transruission line butl also on a sensor line.

The signal, a photo sensor outpul is made to radiate
by an incandescent lamp using commercial power supply,
AC 100V, 60llz. If a conductive noise, ny, and inductive
noise, ny ride on the sensor line and the transmission line
respectively, then two signals are made by alternating the
switching between the sensor outpul signal and the sensor-
duimmy both with n; and ny . Aninpul of a receiver is the
output of the photo sensor, n; and ny . Another input of
the recciver is only ny and ny . Therefore, the two signals
received using interpolation can be subtracted by ANC-R
hybrid 1C in order to obtain a signal without noise.

The impedance changing range of photo sensor is very
big. T'herclore, the sensordummy resistance should be ad-
justed to suitable averaging value against the changing
impedance. In this case, the swilching {requency of the
analog switch in the ANC-T hybrid IC should be four times
in the Nyquist frequency, the maximumn frequency of the
noise to be canceled.

2 ANC and Experiments

2.1 ANC method

lu this experiment, the first signal was made {rom a
photo sensor. The sccond signal was zero voll as a sen-
sordummy output. Timings of the two alternative signals

had dilferent values. Therefore the sensordmmimy output,
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was interpolated, based on averaging method. The inter-
polated second signal was subtracted from the first signal
and a reliable signal without any noisc could be obtained.
In this casc "any noise” is NMN under a quarter frequency
of the switching which generates a synchronous pulse train.

Figure 1 sliows a schematic diagram of the ANC system
for an optical instrumentation with a sensor and a sensor-
dummy using a pair of hybrid ICs against NMN not only
on a transinission line but also on a sensor line. lu this
case, the photo sensor changed ils resistance according to
light changing frequency of 120 Hz. Therelore the resis-
tance of the sensordummy was adjusted to an equivalent
value of the changing resistance of the photo sensor. Photo
I shows ANC-T and ANC-R hybrid ICs. In figure 1, V] is
sensor output signal, nj and n{ ar= NMN on the scusorline,
ng is NMN on the transmission line and V, is an input of
ANC-R hybrid 1C.

From Figure 1,
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Fig.1 Schematic dingram of the ANC method for an optical instrumentation,
and analog switching in the ANC-T is 25kHz.

Photo L Iiybrid ICs of ANC method.
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Where,

(V)i = 0,
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If the Mnetion, (V) the signal with voise, can be made

into infinte derivations, then the error, €, al t=1-2, based

on Taylor expansion, is expressed in the following equation.
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If the maximum frequency of the signal is 13, then the
sampling period, It is determined in the following equa-

tion[4].
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2.2 Experiments

Several experiiments were done for this rescarch. Table
I shows the devices and clements used in the experiments.
Fig.2, I'ig.3 and Iig.4 show three examples of tliese exper-
unents.  In the first experiment wave noise (10011z) was
added on the sensor line and the sensordummy line, in
the second, rectangular wave noise (12011z) was added on
the transmission line and in the third experiment the both
noises added not only to the sensor line and the sensor-
dummy line but also to the transmission line as shown in
Fig.2, Iig.3 and Tig.4 respectively. In this case the switch-
ing frequency was 25kHz. Table 1 shows the instruments

used in this experiment.
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Fig.2 The result of the first experiment, where {ad ey + o,
befor ANCYT, by oy (B00mMVp-p, 10012 ) {3 0040y
mpul of ANC-R, () onlput of ANC

Fig.3 The result of the second experiment, where (a) vy,
(b) ng (810mVp-p, 1200z ) (c) vy + ny input of ANC-
R, (d) output of ANC-R

Fig.4 The result of the third experiment, where (a) vy +
1y, (b) ng, (c) vy + ny 4 ny input of ANC-R, (d)
output of ANC-R

Table 1 Devices and elements used in the experiments.

Photo I'PS 601

SCNSOT TOSHIBA Co.LTD

ANC ANC-T and ANC R

bybrid 1C | YASKAWA Control Co.LTD

3. Coucluding Remarks

Phe accaracy of this methed has been versfiod by exper
tments using sivusordal wave as an equal stalus noise on
i sensor line and/or rectangular wave as an equal sialus

. - . P .- -
wide tand nuise on a Lransnission fine respec tively
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1. In this rescarch a method ol noise canceling in an in-
strumentation was developed using a photo sensor, a
sensorduminy, an ANC-T hybrid 1€, and an ANC-R
hyvbrid 1C.

2. This method is the most rcliable because it has suc-
cessfully canceled noises not ouly on a sensor line, but,
also on a transmission line. Therefore, this method is
belter than a dual sensor system [2] and single sensor

system (3] as optical instrumentations against noises.

3. This method allows us Lo obtain a rcliable signal with-
out any noise on the transmission line. In this case,
the switching [requency of the analog switch should be
more than four times (incaning by Nyquist frequencey)
over the maximum {requency of the noise which is cau-

celed using this method.

Acknowledgement

The aulhors wish to express their scincere appreciation
Lo Mr.R.J'ukamachi, the president of Asahi Instrument In-
dustries Co Ltd for his financial support and 1o Yaskawa
Control Co.Ltd for its technical support of hybrid ANC

1Cs.

References

[1] K.Mine and Y.Morimoto: ™ Methods of Alternating
Noise Canceling for an lustrumentation Using Strain
Gages”, IFEEE Trans.  Industrial Electronics Vol .37

No.3, pp.250-252,1990

[2] K. Mine and H.Katsuda: 7 A Method of Noise Cance-
ling for an Optical Instrumentation Using a Dual Sen-
sor” ) J.Light & Vis. Env. Vol.16, No.1 The Hlluminat-
ing Engineering Institute of Japan pp.27-31,1942

[3] K.Mine, Y.Morimote, N. Kubota and ITu Zhi-Liang:
" Au Optical Tnstrumentation Using one Scensor with
an ANC Hybrid 1C7, i Procecedings of the Regional
Syvmposim on EMY2 of TEEE, Tel Aviv, S1-1, pp.1-
3, November 1492

[4] I.Morishita and H. Kobatake:  Signal Processing,
pp.32-35, Tokyo SICL Japan, 1982

— 553 —



