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Correction Methods for Aircraft Noise Control Zone and Noise
Contours Planning at Heliports of the Republic of China (Taiwan)

Jen-Shuo Hsieh '. Li-Chung Chou . Yein-Rui Hsieh® and Jacob Chia-chun Liu’*
! Department of Air Quality Protection and Noise Control EPA Executive Yuan, R.O.C. (Taiwan)
14F No.4. Xiushan 81, Taipei Ciny 10042, Taiwan(R.0.C.)

- Department of Water Resources and Environmental Engineering, Tamkang University, Taiwan

ABSTRACT

The results of noise contours planning and monitoring data at heliports of the Republic of China (Taiwan) are
often doubted by the public because of the gap between the measured noise level and the real noise perceived
by the public. Is 1t because that the helicopter flight paths adopted in the current model are different from the
real ones? Or there are situations in which more than one helicopters taking off simultaneously or team tlying
being needed during flight training? Or the records of flight paths made by the control tower are not
complete? All these factors may lead to the inaccuracy of follow-up dynamic flight data input by the Aircratt
Noise Monitoring Center and influence the results of noise contours planning. In addition, the helicopter has
particular tlight characteristics, such as hovering flight, longer standby time, slower flying speed. and lower
flying altitude. However, the current model cannot achieve the level of real simulation of each flight situation
due to such factors as meteorological conditions, flight speed. altitude and thrust when the helicopter is
taking off or landing or hovering in the air. These factors tend to make a difference to the real take-off and
landing flight paths, as well as standard operating procedures. A minor difference in the air may cause a huge
variation as much as several kilometers on the ground. Besides, the low-frequency noise character of the
helicopter may cause a difference to noise distribution. Therefore, we hope to establish correction methods
for aircraft noise control zone and noise contours planning at heliports of the Republic of China (Taiwan)
through on-the-spot measurement of aircraft noise.

In terms of objective measurement, the mean deviation of noise level between A-weighting and C-weighting
is 10 dB(A). However, whether or not this value represents a good correction to fit with suwrrounding
residents’ actual perception on helicopter noise will need to be supplemented with social investigation. The
50-50 method is usually used to confirm the correction. The definition of noise correction is “the variation
between the helicopter noise and reference noise when they cause the same level of annoyance™. Since the
break-even point of the helicopter noise is 62dB, to reach equivalence of noise annoyance, the reference noise
level needs to be corrected with | 8dB(A) (subjective investigation: Investigation of people’s actual
perception of annoyance: 8dB(A) correction). Therefore. the correction is recommended to be 8dB(A) in
order to fit with the public opinions and quench public complaints by meeting with the public’s psychological
perception.

! Jshsich{@sun.cpa.gov.tw
* e chouf@epa.gov.tw

* yrhsieh {@epa.gov.tw

4 Jjacob.epa@msa. hinet.net
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1. Introduction

The aircraft noise evaluation indicator of the Republic of China (Taiwan) is DNL (Day Night
Equivalent Sound Level) (A-weighting). Apart from basic noise derived from the helicopter, people’s
perception of helicopter noise is influenced by many other factors. In terms of subjective factors,
people’s impression on the helicopter (such as fear, hate or interest ete.) may bring subjective
favorable or unfavorable response to the helicopter noise. In terms of objective factors, many other
factors may cause significant deviation to the prediction effect of noise evaluation indicators. For
example, when the helicopter causes obvious shaking to the building, the noise level might not
accurately reflect people’s actual perception. Therefore, it is advisable to make some correction in
order to fit with this kind of “impulsive” helicopter noise.

Due to the ditference of noise caused by the helicopter and fixed-wing aireraft, it is advisable to
evaluate the annoyance of helicopter noise by taking into account of such factors as different
weightings, noise correction, and people’s response to the helicopter noise in order to make it fit with
people’s actual perception of the helicopter noise. Over the past 30 years, scientists have conducted a
great deal of studies on helicopter noise evaluation methods, among which those conducted by the
National Aeronautics and Space Administration (NASA) are the largest in scale. Many scientists and
government administrators believe that due to the properties of low frequency and impulsiveness of
the helicopter noise, it is advisable to adopt a different evaluation method for helicopter noise from
that used for fixed-wing aircraft noise. Most studies have focused on the following three aspects: (1)
What evaluation indicator should be adopted, DNL, SEL, or EPNL? (2) What weighting method
should be used, A-weighting or C-weighting? (3) Is it necessary to make correction to the fixed-wing
aireratt noise in order to evaluate the helicopter noise? If so, how much correction should be made?

In terms of evaluation indicators, when helicopter noise events are fewer, DNL can be assuredly
used to evaluate the impact of helicopter noise on the environment. SELL and DNL are pretty good
evaluation indicators for evaluating the “annoyance” caused by the helicopter noise. In terms of
weighting, A-weighted DNL, serving as an evaluation indicator for the helicopter noise, does not fit
with people’s subjective perception. Therefore, when using A-weighted noise evaluation indicator
(ASEL) to evaluate the helicopter noise, 1t 1s advisable to make a correction by adding 8~10dB
depending on different situations and aircraft models. The need for blade-slap “penalty” was based
primarily on early laboratory studies. Leverton (1972) conducted one of the first studies comparing the
A-weighted sound level from helicopter operations with and without blade-slap. The study, conducted
in a simulated living room, found that the presence of blade-slap increased the subjects’ annoyance to
helicopter noise by the equivalent of 4-8 dB [1]. Other researchers also found that there was a need for
a blade-slap correction. Norwegian government proposed a 5dB “penalty” on the fixed-wing aircraft
noise evaluation indicator for helicopter noise evaluation. Schomer made an 8~10dB correction to
A-weighted noise evaluation indicator (SEL) to evaluate the helicopter noise [2], which is different
from the DNL evaluation indicator used in Taiwan. Galloway proposed 1.5dB and 3dB corrections for
taking off and landing of a helicopter respectively [3]. As presented in 1970 US MOD Guidelines,
“Unless there are methods that will more accurately reflect the real situation, for helicopter operations
with blade-slap, the readings observed on the sound meter need to add a 7dB correction.” In a similarly
constructed experiment using real helicopters and a fixed-wing aircraft as the control, Powell [4]
found that a 3~-5dB adjustment of the EPNL for subjects situated indoors is needed, which is different
from the DNL evaluation indicator used in Taiwan. Gjestland [5] confirmed Norwegian government’s
proposal that a 5dB correction on fixed-wing aircraft noise evaluation indicator is needed for
helicopter noise evaluation (Norway is the only country in the world that proposes a 5dB(A) “penalty”
for the helicopter noise).

Summing up the results of most studies, a correction to fixed-wing aircraft noise 1s always needed
for helicopter noise evaluation, which is usually positive and mostly within the range of 5dB.
Comparing the noise of the fixed-wing aireraft with that of the helicopter, how much correction is
needed exactly? Judging from the results of various studies, the correction is only around 2~8dB. To
gel more accurate figures, the models of helicopter should also be taken into consideration. Therefore,
when considering making correction for helicopter noise evaluation in Taiwan, we need to know the
helicopter models used in Taiwan and determine suitable correction for the dominant models.

37



2. Experiments

21 Method outline

The method adopted in the study to measure helicopter noise 1s designed with reference to th
Standards for Prototype Airworthiness Evaluation issued by the International Civil Aviatio
Organization (ICAQO), and conform to the standards of CNS 7129 type 1 sound meter (or sound leve

meter) and IEC 61260 wave filter.

2.2 Method of measurement

2.2.1 Usage of sound meter
A.  Auditory perception correction loop: measurement without weighting
B. Dynamic property: using slow property
C.  Measurement duration:
(1) Fixed point measurement: 30 seconds
(2) Dynamic measurement: aircrafl noise events
2.2.2 Measuring objects

A. Fixed point measurement on military helicopters:
Presuming the helicopter as the center of circle with its nose at 0° (presumed true north) and ta

at 180°, after the helicopter takes off, measure the L, obtained with a 1/3 octave bands fu

frequency domain filter using a spectrum analysis program card at occasions of a combination ¢
different hovering heights (75m, 150m, 300m), azimuths (0%, 45°, 90°, 135°, 180°, 225°, 270°, 315

and distances (Om, 150m, 300m, 600m, 1200m) for 30 seconds each. Then record the f,m value pe

second with another sound meter (related arrangements are shown in Figure. 1).
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300m

Figure.1 Schematic diagram of related arrangements of instruments for fixed point measurement

B.  Dynamic measurement on military helicopters:

After the helicopter takes off, measure the L, obtained with a 1/3 octave bands full frequen
domain filter using a spectrum analysis program card at occasions as the helicopter flies over |
center of circle for fixed point measurement (hereinafter referred to as ‘original point”) in norn
speed with different heights (75m, 150m, 300m). Then record the L

another sound meter (related arrangements are shown in Figure. 2).

g Value per second w

Figure.2 Schematic diagram of related arrangements of instruments for dynamic measurement
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2.2.3 Measuring steps

A. Preliminary procedures
On the day before formally setting up measuring instruments, mark the point positions for

measuring instruments under the principle of allowing the maximum depth and being clear of big
buildings or reflection objects on both sides of the base. Along the direction of the maximum depth,
mark the point positions at endpoints, as well as positions at 1/8, 1/4 and 1/2 of the distance
(presuming the instruments will be set up with an east-west oriented extension direction). Since the
base does not have enough space for circle arrangement and in order to lessen the requirement for
equipment and personnel, the measurement procedures are adjusted to be done by having the
helicopter make spot turns (for fixed point measurement) and course changes (for dynamic
measurement). Details are described below:

B. Fixed point measurement

(D
(2)
(3)

4)

(3)

(6)

(7

(8)

)
(10)

(1)

Apply for permission for related control matters from assistant measurement units.
Complete calibration and time synchronization for sound meters.

Set up two sound meters at each of the five marked positions. The sound meters are
secured on a tripod, of which the bases are fixed with sandbags. In case extension
cables are used on the spot, they should be kelp low and fixed in order to refrain from
toppling and whirling of the instruments due to air current so as not to affect aviation
safety. The microphones are set at a height of 1.2-1.7m above the ground. One sound
meter is used to measure the L, obtained with a 1/3 octave bands full frequency
domain filter using a spectrum analysis program card and the other sound meter 1s used
to record the qu value per second.

100m extension cables are connected to sound meters at the original position. Caution
should be taken to avoid the helicopter from hovering right above in order to avert
danger.

The measurement crew should wear basic equipment when working, such as goggles
and ear mufls. The accompanying mulitary personnel should be equipped with radio
communication equipment to help with transfer of measuring information.

After taking off, the helicopter is first directed to hover above the original point for 30
seconds at a height of 75m and with its fuselage at right angles to the extension
direction of the measuring instruments.

When the helicopter is in position, notify each measurement crew with ratio
equipment. All measuring points start measurement procedures at the same time. The
spectral measurement is taken for 30 seconds and the measured values are recorded.

At the same height and position, the helicopter makes a 45 "tum clockwise and hovers
for 1 minute. When the helicopter is in position, an order is given to direct all
measuring points to start measurement procedures at the same time. The measured
values are recorded.

The helicopter needs to make eight 45 turns at the same height.

After making all the turns at the same height, the helicopter ascends to 150m and 300m
heights sequentially to repeat the previous turns for fixed point measurement in order
to obtain measured noise levels at different heights and distances.

The time needed for fixed point measurement on ecach helicopter model is around 40
minutes.

C. Dynamic measurement

(1

4

The instrument arrangements, such as positions and amount, are the same as fixed
point measurement.

The measurement crew should wear basic safety equipment when working, such as
goggles and ear muffs, and be equipped with radio communication equipment.

After taking off, the helicopter flies to the position 1.5km from the original point due
south and hovers at a height of 75m. After receiving notification, the helicopter flies
due north 3km in a stable manner and turns back to its starting point in order to
facilitate the dynamic measurement of the helicopter noise.

As for measurement duration, when the measurement crew at both ends finds the
real-time display of the sound meter reaches 65dB, an all-round starting order is given
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for simultaneous measurement and when the measurement crew at the other end finds
the real-time display of the sound meter drops to 65dB, an all-round ending order is
given to stop the measuring event. The measured values are recorded afterwards.

(5) Repeat above measurement activities on southwestern-northeastern, east-west, and
northwestern-southeastern directions to complete measurements with the helicopter
flying stably over the original point. Record the measured values of each event to
obtain the measured noise values when the helicopter approaches and flies away from
the original point in different directions. Flight paths of the helicopter are shown in
Figure. 3.

(6) After completing measurement for the height of 75m, the helicopter ascends to the
height of 150m. Repeat the measurement activities on the previous 4 fly-over events of
the helicopter.

(7 After completing measurement for the height of 150m. the helicopter ascends to the
height of 300m. Repeat the measurement activities on the previous 4 fly-over events of
the helicopter.

(8) The time needed for dynamic measurement on each helicopter model is around 45
minutes.

a

Figure.3 Schematic diagram of flight paths for dynamic measurement

3. Results and discussion

3.1 Measurement results

The Plan (Correction Methods for Aircraft Noise Control Zone and Noise Contours Planning at
Heliports of the Republic of China (Taiwan)) 1s conducted based primarily on objective measurement and
supportively on social mvestigation. In order to simplify administrative procedures and facilitate
implementation of the Plan, it is advisable to only amend the Enforcement Rules of the Noise Control Act
without revising the Noise Control Act, so as to shorten the time for law amendment. Therefore, we still
use A-weighting method to make correction to the measured values in order to enlarge the scope of
subsidies, fit with public opinions, quench public complaints, and reduce implementation difficulties.
However, the drawbacks of this method include increase of subsidy budget due to enlargement of the
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subsidy scope, restriction to local development, and limitation of land use. The results of helicopter noise
measurement are described below:

Table 1. Results of Helicopter Noise Measurement (A-weighting)

(20~20k Hz)

Flying Frequency 20-20kHz
I Distance dB(A)
Pe height 0 150 300 600 1200
g m m 300m 500m 200m
Model | 87.3 80.7 74.3 71.2 60.6
75m Model Il 93.0 74.9 67.5 59.9 53.6
Model Il 91.1 83.7 76.5 69.1 60.7
Model | 81.5 78.1 72.6 66.3 58.4
Fixed point] 150m Model 1 83.7 75.8 67.6 61.9 60.8
Model Il 85.3 81.2 74.6 67.7 59.0
Model | 75.5 75.3 71.7 66.8 58.9
300m Model [I 74.3 73.0 68.3 61.0 53.2
Model Il 75.8 77.2 73.5 69.2 63.2
Model | 75.9 72.2 70.6 70.5 72.6
75m Model [I 67.7 66.2 64.6 66.4 64.1
Model Il 78.5 75.6 74.2 75.2 73.3
Model | 73.8 71.9 71.5 70.4 68.8
Dynamic 150m Model Il 67.0 65.9 63.2 62.1 61.3
Modellll 75.4 74.7 71.9 71.8 68.7
Model | 68.7 67.9 66.2 65.9 65.3
300m Model [ 61.6 62.1 60.3 58.8 57.5
Modellll 68.2 68.3 65.9 64.4 65.3
Table 2. Results of Helicopter Noise Measurement (C-weighting)
(20-20k Hz)
Flvine Frgc]ucnc y 20-201_([ 1z
T'\I;pc‘- Dlst.am:e dB(C)
- Height Om 150m 300m 600m 1200m

Model 1 95.9 91.1 83.8 79.0 73.3
75m Model Il 97.1 80.4 75.5 72.3 71.8
Modellll 97.9 90.1 82.7 77.2 70.4
Model 1 88.5 88.5 32.8 78.2 73.9
Fixed point] 150m Model Il 87.8 80.9 74.5 72.5 74.7
Modellll 91.5 87.6 80.9 75.9 70.6
Model 1 85.2 84.9 82.0 78.0 73.9
300m Model Il 30.0 78.7 76.2 69.5 67.8
Modellll 84.0 84.8 81.0 77.4 72.7
Model 1 87.1 84.3 32.2 82.2 83.6
75m Model 11 76.5 74.7 73.7 75.3 73.3
Modellll 89.0 87.1 84.0 85.7 82.9
Model 1 36.0 85.3 83.7 32.4 80.7
Dynamic 150m Model I 76.8 75.0 72.6 72.6 72.1
Modellll 86.0 85.5 82.7 83.5 80.5
Model 1 32.2 83.1 31.3 30.0 79.4
300m Model Il 72.7 72.5 70.9 70.8 69.2
Modellll 80.8 80.4 78.4 79.3 77.1
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For helicopter Model | , Model [l and Modellll, when the frequency scale is 20~20kHz, the mean
deviation (arithmetic mean) of noise level between A-weighting and C-weighiing is 10 dB(A).

Table 3. Variation between A-weighting and C-weighting values

(20~20 kHz)
Flying | Distancel 150m 300m 600m 1200m Mean
Type  |Height deviation
75m 7 7 8 9 14 9
150m 6 7 8 10 14 9
Fixed point 300m 8 8 9 9 13 9
Mean 7 7 8 10 13 9
deviation
75m 10 11 10 10 10 10
150m 11 11 11 11 12 11
Dynamic 300m 12 3 13 14 13 13
Mean 1 11 11 12 11 11
deviation
Total mean deviation 9 9 10 11 12 10

3.2 Discussion of measurement results

Due to 1ts low-frequency noise property. the helicopter’s noise spectrum 1s mainly located at the low
frequency part (< 500Hz), which is different from the normally used noise standards and rules with
A-weighting. Since A-weighting “reduces” the low-frequency noise significantly (20dB at 100Hz), the
residents complain about helicopter noise more fiercely than about fixed-wing aircraft noise. In terms of
low-frequency noise performance, the A-weighting method cannot adequately reflect people’s actual
response to low-frequency noise events. Since the helicopter noise is representative of low-frequency noise,
1f we want to really represent the properties of helicopter noise, we need to use a different weighting
method. However, since A-weighting is the only representation method currently specified in Taiwan’s
laws and regulations, we need to make a correction for helicopter’s low-frequency noise in order to better
fit with surrounding residents’ actual perception on helicopter noise. Summing up the results of most
studies, a correction on fixed-wing aircraft noise is always needed for helicopter noise evaluation, which is
usually positive. As shown in Table 3, for helicopter Model | , Model [I and Model I, when the frequency
scale is 20~20kHz, the mean deviation of noise level between A-weighting and C-weighting is 10 dB(A).

Does the mean deviation of noise level between A-weighting and C-weighting (10 dB(A) represent a
good correction to fit with surrounding residents’ actual perception on helicopter noise? We need to find
out the relative correction between the helicopter noise and reference noise. The flow diagram of correction
for helicopter contour map is shown in Figure. 4.

The definition of noise correction is “the variation between the helicopter noise and reference noise
when they cause the same level of annoyance”. If we can accurately predict the annoyance caused by the
reference noise, with confirmed correction between the helicopter noise and reference noise, then we can
also accurately predict the annoyance caused by the helicopter noise. The 50-50 method is usually used to
confirm the correction. In order to find out the value of helicopter noise which causes the same annoyance
as that caused by 70dB(A) reference noise (or white noise), in each test, we ask the subjects to compare
different levels of helicopter noise with the 70dB(A) reference noise to tell which one is more annoying to
people. When half of the subjects think the helicopter noise is more annoying (50%) and the other half
think the reference noise is more annoying, the helicopter noise level at this moment is referred to as the
“break-even point”, which means that the annoyance caused by the helicopter is the same as that caused by
the reference noise. The variation between the helicopter noise and the reference noise (relative noise
correction) is referred to as the necessary “correction value”. As shown in Figure. 5, the break-even point
of the helicopter noise is 62dB. To reach equivalence of noise annoyance, the reference noise level needs to
be corrected with +8dB(A) (subjective investigation [investigation of people’s actual perception of
annoyance )] : 8dB(A) correction). Summing up opinions on local EPA requirements (public hearings are to
be held), local development requirements, meeting with public opinions, and reducing implementation
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difficulties, it is advisable to refrain from making too much correction to the aircraft noise control zone
the primary stage. Therefore, the correction is recommended to be 8dB(A) for the time being.

Correction activities for
HNM noise contour map

Knowledge of Helicopter noise
properties

Measurement of noise level
and spectrum

Objective investigation

Subjective

investigation
+ 10dB(A) correction

Annoyance

A

investigation

Opinions on local EPA requirements

Make reference and

comparison of practices
and corrections adopted development requirements, meeting
in foreign countries

(public hearings to be held), local

with public opinions, and reducing

implementation difficulties

Analysis & comparison

»
>

A

8dB(A) is recommended for

helicopter noise correction

Correction for HNM noise

contour map completed

Figure.4 Flow chart of correction method for helicopter contour map
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Figure.5 Use of 50/50 method to determine the break-even point of helicopter noise

4. Conclusions

In terms of objective measurement for the Correction Methods for Aircraft Noise Control Zone and
Noise Contours Planning at Heliports of the Republic of China (Taiwan), the mean deviation of noise level
between A-weighting and C-weighting is 10 dB(A). However, whether or not this value represents a good
correction to fit with surrounding residents’ actual perception on helicopter noise will need to be
supplemented with social investigation. The definition of noise correction is “the variation between the
helicopter noise and reference noise when they cause the same level of annoyance™. If we can accurately
predict the annoyance caused by the reference noise, with confirmed correction between the helicopter
noise and reference noise, then we can also accurately predict the annoyance caused by the helicopter
noise. The 50-50 method is usually used to confirm the correction. Since the break-even point of the
helicopter noise 1s 62dB, to reach equivalence of noise annoyance, the reference noise level needs to be
corrected with + 8dB(A) (subjective investigation [ Investigation of people’s actual perception of
annoyance ] : 8dB(A) correction). Therefore, the correction is recommended to be 8dB(A) in order to fit
with the public opinions and quench public complaints by meeting with the public’s psychological
perception. The current aircrafl noise control zones at heliports of the Republic of China (Taiwan) are
divided as follows: (1) TFirst-class Aircraft Noise Control Zone: the area between noise contours of
60~65dB DNL: (2) Second-class Aircraft Noise Control Zone: the area between noise contours of 65-75dB
DNL: (3) Third-class Aircraft Noise Control Zone: the area of noise contours above 75dB DNL. This
classification 1s recommended to be revised as follows: (1) First-class Aircraft Noise Control Zone: the area
between noise contours of 52-57dB DNL: (2) Second-class Aircraft Noise Control Zone: the area between
noise contours of 57-67dB DNL: (3) Third-class Aircraft Noise Control Zone: the area of noise contours
above 67dB DNL.
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