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Summary
Active Noise Control
for the Operator of Agricultural Machinery

Tomokazu YOSHIDA

Mechanization of rice farming in Japan Since 1960s brought a remarkable reduction of farmer's working
load and time. It also built up a consistent mechanized rice farming system, and now the efforts are
concentrated on the mechanization of fruit and vegetable cultivation.

The role of farm mechanization is very important in the function that it substitutes farmer's labor.
From the viewpoint of occupational health and safety, however, some problems on the working environment,
such as dusts, noises, and vibrations caused by agricultural machinery and mechanized farmwork, still
remain wvith little solutions.

Therefore, a catchword “ soft agricultural machinery ” is proposed recently in Japan instead of
* machinery with higher performance and capacity ",and agricultural machinery with better operationability
and comfortability has gathered a lot of attentions.

In these circumstances, Ergonomics Laboratory of I.A.M.(BRAIN)* , to which the author belongs, is
engaged in various studies on the viewpoint of human's safety, health and comfortability.

On this point of view, it is the ultimate destination of this study to improve safety and comfortability
of farmwork when using agricultural machinery and to prevent accidents and physical troubles caused by
the use of agricultural machinery.

In this paper, the reduction of noise transferred from agricultural machinery to the operator is
discussed, as the noise is one of the important problems in the man-machine system of agricultural
machinery. As the method to reduce the noise, ANC(Active Noise Control)method is discussed instead of the

conventional passive methods of sound absorption or insulation.

In chapter 1, several backgrounds of this study are discussed in the beginning. Then, some standards on
noise enacted in Japan are surveyed, and a criterion of noise reduction for agricultural machinery is set
to be 85dB in A-weighted SPL(sonud pressure level).

Referring to this criterion, the noise level around the operator of agricutural machinery is considered
to be still high and must be reduced.

The ANC, one of active control methods to reduce noise using interference of sound, is planned to
suppress the noise around the operator. Concept and principle of ANC are explained, and several studies on
ANC are surveyed. Then, a fundamental theory on adaptive system with ADF(adaptive digital filter)used in

ANC is briefly described.

In chapter 2, characteristics of noise produced from tractors tested in this study(tractor A and B)are

examined. These two tractors have no safety cab, so the condition of sound field is considered to be
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* half-free " . Characteristics of moise are different between tractor A and B, because A is manufactured
about 1 0 years ago without enough consideration for noise reduction, while B is manufactured recently
with enough consideration. However, there are high peaks of almost the same value of SPL in low frequency
range in the noise from tractor A and B, and these peaks are considered as the targets to be reduced by
ANC in this study.

In chapter 3, a feasibility study of ANC is made by simulating the action of adaptive system with ADF by
a personal computer, before applying ANC directly for the suppression of the noise around the tractor
operator.

Primary discussion is made on the following two subjects:

1. Place to set the sensor for the reference signal used in ANC system.
2. Adaptive algorithm.

As the result of adaptive system simulations, the possibility of moise reduction by ANC is confirmed.
The amount of noise reduction by ANC will be about 15dB in SPL. It means that only a sixth of primary
sound pressure can exist under the control of ANC, if the adequate place is referred which has a good
coherence with the noise around the operator.

About the specifications of ADF in ANC system, results of simulations show that a certain filter
length(i.e. tap length, or number of taps), selected according to the frequency range which ANC is
applied, is necessary to obtain enough noise reduction. It is considered that ADF must have enough length
equivalent to the length of delays from a reference point to a ear point(control point). Additional taps
are also necessary to express damping characteristics. However, filter length is sufficient if it is
equal to or more than the length of the fundamental frequency of noise to be controlled, when ANC is

applied to the periodic noise from a rotational machine.

In chapter 4, an adaptive system with ADF used in ANC is considered as a measurement system to get the
coherence function between reference signal and desired one, discussed in the previous chapter,
instantaneously in time domain. By using the advanced simulations of adaptive system with DSP(digital
signal processor), which enable real-time simulation, the ability of the adaptive system is confirmed to
measure the coherence function in time domain and to predict the amount of noise reduction as a
measurement system or a prediction system.

The characteristics of the adaptive system are examined first, and get a qualitative conclusion for its
ability as a measurement or a prediction system. The ability is then confirmed by some real-time
simulations of adaptive system with tractor noise data. Results of these simulations with noise data of
tractor A agreed with those discussed in the previous chapter. The predicted amount of noise reduction is
approximately 10dB, a third of primary noise. This ability is useful and available to optimize the
configuration of ANC system.

Some problems are left for further study, such as the problems on the value of convergence coefficient
# and on the filter length of ADF.

In chapter 5, experiments on the reduction of noise and the evaluation of ANC are carried out, based on

the results from the simulations in the previous chapters, and a practical evaluation system of ANC is
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developed.

This evaluation system has one DSP for real-time operation and two analog inputs and two analog outputs

for one reference input, two control outputs, and one error input. “ Filtered-X LMS(least mean square) "
algorithm, introduced by B. Widrow, is applied to this system to carry out noise reduction after the
identification of feedback path(from secondary source to reference microphone)and error path (from
secondary source to error microphone).

Action and performance of the evaluation system to reduce noise are confirmed by the experiments with
two tractors, and some considerations are made on the results of identification and convergence of ADF in
the evaluation system. Adaptation time,that is necessary to converge for identification filters(C-filter),
is approximately 10 seconds, and this time is usually enough to get adequate accuracy of identification.
The noise reduction is accomplished in the case of controlling filter(W-filter), but more examinations to
determine some conditions of convergence are considered to be necessary.

In the field test with two tractors, amount of noise reduction by the evaluation system is about 10dB at
the control point(i.e. at the error microphone). The area of more than 6dB reduction is as large as 25X

25cm or larger im the surface containing error microphone and secondary source.

In chapter 6, three target systems are developed which reduce the noise around the operator on tractor.

The first one (Type I )has the same method of feedforward control as the evaluation system used in the
previous chapter. It can be applied to any noise, but high coherence and enough distance are necessary
between the reference and the error microphone.

The second one(Type II )has a method of feedback control different from Type I. Application of Type I is
limited to periodic noise. But it works with error input and without reference input. This means that it
has an advantage of less amount of calculation executed by DSP. It also has an advantage that the
coherence function is always assumed to be 1.

The last one(Type IM)also has a method of feedback control, but it refers to an imaginary pulse train as
a reference input, and this feature has an advantage that the convolution operations executed by DSP can
be omitted. These characteristics enable a high speed operation and an extension of the frequency range to
control.

These three target systems were tested on the field test with two tractors to reduce their noise, and
their performance was confirmed.

The maximum amount of noise reduction by Type I and Il is 10dB(DC-500Hz)at the control point and about
4-7dB(full range)at the operator's ear in SPL, and is about 1-2dB(A)in A-weighted SPL because of the
effective frequency range of ANC that is less than 500Hz. It is considered to be significant that the
noise reduction by Type JI with only error input are confirmed for periodic noise.

There are most suitable numbers and arrangements of error microphones and secondary sources according to
the characteristics of noise to which ANC is applied. In the case of tractor B, two error microphones and
two secondary sources are enough to make a silent zone around the operator's head.

Concerned with this result, it is emphasized that the fundamental wave length of noise is a very
important notation in the application of ANC, because it is easier to obtain a certain silent zone under
the noise with longer wave length(lower frequency).

The performance of Type II is not confirmed yet,and additional examinations on the action of high fre-

quency are desirable to be held as soon as possible.
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