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SUMMARY

The aim of the study was to investigate comparability between
noise characteristics of synthesized recordings of aircraft in flight
and actual recordings.

Sixty persons made magnitude estimation judgments to 15 synthesized
and 12 actual recordings, each presented at four different levels. Nomi-
nal peak presentation levels ranged from 68 to 86 dB (0ASPL) in 6 dB
increments with.a standard signal based on USASI noise presented at 77
dB. Judgment data were obtained in the NASA Langley Exterior Effects’
Room.

Although the synthesfzed recordings were more smoothly time-varying
than the actual recordings and the synthesizer could not produce a "comb-
filter" effect that was present in the actual recordings, results supported
the conclusion that annoyance response is comparable to the synthesized and
actual recordings.

A correction for duration markedly ﬁmproved the validity of engineering
calculation procedures designed to measure noise annoyance, while the FAR-
36 correction for tone was not effective.

Results led to the conclusion that the magnitude estimation psycho-
physical method is a highly reliable approach for evaluating engineering
calculation procedures designed to measure noise annoyance. For repeated
presentations of actual recordings, differences between judgment results

for identical signals ranged from 0.0 to 0.5 dB.
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RESPONSE TO ACTUAL AND SIMULATED
RECORDINGS OF CONVENTIONAL TAKEOFF
AND LANDING JET AIRCRAFT

INTRODUCTION AND PURPOSE

As advanced technology commercial.aircraft are in design and invest-
igative stages, the question concerning community noise effects of these
aircraft is a consideration. Utilizing engine, airframe, operational
and aerodynamic parameters, there is an expectation that the significant,
in terms of community noise effects, acoustic characteristics of these
advanced technology aircraft can be predicted. Utilizing these pre-
dictions of the acoustic characteristics of the noise signatures, can
aircraft noise simulations comparable to those obtained from actual
flight be achieved? As a means of providing simulations of aircraft
f]yoyer signals, NASA Langley Noise Effects Branch has developed a
synthesizer and computer program approach. _ The aim of the
present research program is to synthesize flyover recordings using the
" NASA equipment and approach,and to determine their comparability to
actual recordings of aircraft in flight. Two main approaches are utilized
to investigate comparability between synthesized énd actual recordings.
The first apprbach involves a comparison bﬁsed on acoustic parameters
while the second utilizes human response dafa to the two sets of recordings,
i.e., "Do persons perceive and respond to the synthesized recordings in

the same manner as to actual recordings?”
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SYNTHESIS

Threg recordings Qf actual flyqygr events were se]ected for high quality
of recording and low baékground nofse level. The recordings were made
at SEATAC Internationa] Airport, approximately 5.63 Km. (3.04 n. miles)
south of. the north end of the main runway. The events used were a ZO?
take-off, chosen for the strong tonal components, a 727 take-off with little
tone and intense low frequency components and a 727 landing, a very short
event with strong tones.

The synthesis program requires as input, data on the flyover broad
band noise, narrow band components, pure tone components, static directivity
patterns and flight data (such as speed, height, angle of flight path).
Pure tones were found to sound .too unreal so narrow bands of noise were used
to generate "tonal" sounds. The synthesizer would form the flyover event,
using dep]er shift, varying air attenuation and randomised ground reflection
effects. These effects could not be manipulated to producenthe comb filter
effect that is audible in actual recordings; however this effect does not
seem' to be so audible when the event is heard binaurally.

Initially, theoretical data on the tonal components of compressor
noise, the broad-band jet noise, and directivity patterns were used as
input parameters but the results did not sound like ;He actual events.
Thus, the actual recordings were analyzed, using a Spectral Dynamics
Ubiquitous analyzer, to study the time-varying nature of the events, and
the input data to the program was varied to approach more nearly the
parameters in thg recordings. The resulting syntheses were changed by
altering a number of the parameters until the results sounded close to

the originals. This was done strictly by listening and no attempt

was made to get results which when physically analyzed matched the
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originals.

To the experienced ear, there were two very clear differences between
the real and the synthesized flyovers: the simulations were more
smoothly time-varying than the real events, in which atmospheric and
other effects caused a very unsteady time history, and the real recordings,
being made monophonically with a fixed microphone position, contained a
very marked comb-filter effect sounding like a low-frequency "hollow"
resonance, which drqpped in pitch as the aircraft approached and then
rose again as the aircraft filew away. This is pictured in tigure 1 which is
a series of successive spectral analyses of an actual 707 take-off
recording. The solid vertical line marks a constant frequency throughout
the traces. Close to it, a prominent peak can be seen, shifting in
frequency due to the Doppler effect. The solid curved line has been
drawn in to emphasize the frequency shift in one of the troughs of the
comb filter.

Figure 2 is a similar series of traces of a synthesized flyover, and
the reguiar comb filter effect is absent.

The comb filter etfect is not apparent naturally, where binaural
listening and head movements radically alter the nature of the comb filter
effects.

Neither the comb tilter nor the unsteady time history effect could be
modelled with the program and, as less experienced listeners accepted the
syntheses as real events when heard under informéd‘test conditions, it
was decided to continue despite these differences.

The best simulation for each original was chosen and two variations
were generated by the synthesizer, one with the tonal components raised

by 10dB relative to the broad-band noise and one with the flyover velocity
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Figure 1: >Successive spectral analyses of 707 take-off actual recording,
showing ground reflection comb-filter effect
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decreased by a factor of 2.5. The fbest-eftort" synthesis was designated
vitys the one with increased tone was vyt, and the long duration, siow
ve]oéity was vgtg.

Additionally, as it was found that even the best synthesis sounded
less complex than the real event, a fourth synthesis tor each original
was generated, formed by combining two separate simulations. This allowed
for more complex tone variation with different tones betore and after
overhead, and tor some low-trequency interference effects. This variation
was designated C.

Thus]y each of the three flyoyer events were répresented by four
simulations which are:

Description Designation

"Best effort” vit,
Increased tone vit,
Long duration | vpt,

Combination C
synthesis




PHYSICAL ACOUSTICAL ANALYSES.

As indicated apove, comparisons between tne syntnesized and actual
recorqingsvwere to be based on both physical acoustical analyses and
an evaluation by a group of persons. Since an evaluation of the various
signals by persons is a function of what they perceive in a particular
listening environment, the acoustical analyses are based on the signals
as they were presented to persons in the test listening environment.

Figures 3,5,6,8,9,10,11,13 and 14 show thé specfra (using 1/2 second
integration time) found to give peak dBA at Seat #1 for the top presen-
tation level. The actual recording and the v]t] and C syntheses for all
three ftlyover events are shown. For most of these events, peak levels for
dBA and dBAT (dBA tone corrected according to FAR 3¢) occured at identical
times so spectra are identical; in those cases where the spectra. for peak
dBA ahd peak dBAT differed, the peak dBAT spectra are given in Figures
4, 7 and 12.

It is c]ear that for all three cases, the simulations have lower
high-frequency (}SOOIHZ).and higher low-frequency ({80 Hz) components
than their real counterparts.

In the case ot the 727 landing (Figure 5), the nigh-frequency lack 1in
the synthesis vity is very noticeable compared with the actual event
(Figures 3 and 4). It is also apparent that the "tonal" components
introduced in vyt at 2675 Hz and 2725 Hz are too strong relative to the
higher frequencyftona]“ components (at 3320, 3760, 3950 and 4050 Hz),
which produces the sharp peak in the spectrum at 2.5K Hz. The actual-

event spectrum showysa much broader peak from 2.5 K Hz to 6.3 K Hz.



However, the combination simulation (C) (Eigures 6 and 7) has more high
frequency energy and a somewhat brogder peak (from 2.5 KHz to 4 KHz). The
aétua] specErum shows two low frequency dips, one in the 80Hz band and

the other in the 200 Hz band, which are probably due to ground reflection
effects.

The spectrum for the 727 take-off (Figures 8, 9 and 10) show less
difference between the real flyover and vit] at the high frequency end.
Again the C simulation is closer to the actual event, though the peak in
the 630 Hz band is too prominent.

For the 707 take-off (Figures 11 to 14) there is again a large difference
between vt} and actual at the high frequency end. The lack of broad-band
energy in vyty makes the tonal components, introduced at 2950 and 3230 Hz,
form a very prominent peak in the 3.15 KHz band. As before, the combination
synthesis has increased broad-band- high frequency energy but the "tone"
is also raised significantly. The actual spectrum is displayed for two
1/2 seconds, the one giving peak dBA (Figure 11) and the other peak dBAT
(Figure 12). It is clear that the peak band at 3.15 KHz is very variable,
but even in the peak dBAT spectrum the presence of broadband noise in the
surrounding bands should mask some of this peak, making it less subjectively
apparent.

Looking at Table I and II, which calculate the tone and duration
corrections (averaged over all seats), the masking effect is clear from
the tone correction data for the 707 T/0. The correction for the actual
flyover: 1is 3.4 dB, whereas for the vytj simulation it is 4.2 dB and
for the C version it is 5.2 dB. The tone correction for the 727 L is also

too high for the simulations, though that for the take-off is somewhat low.
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Figure 4 727 Landing - Actual Recording
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