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Systems Analysis of Noise Abatement Procedures Enabled

by Advanced Flight Guidance Technology
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Advanced flight guidance technologies such as area navigation utilizing the global positioning system offer the
potential to reduce the impact of aircraft noise on communities surrounding airports by enabling more flexible
approach and departure procedures that reduce noise exposure to the most sensitive areas. A systems analysis is
presented of noise abatement procedures enabled by these technologies. NOISIM, the primary systems analysis
tool, combines a flight simulator, a noise model, and a geographic information system to create a unique rapid
prototyping environment in which the user can simulate an aircraft’s operation in existing and potential guidance
and navigation environments, while simultaneously evaluating the aircraft’s noise impact. The analysis included
generic and site specific studies of approach and departure procedures using 737-200 noise estimates. The results
of the generic study of approach procedures indicate that a 3-deg decelerating approach provides significant noise
reductions in comparison to the baseline instrument landing system (ILS) approach and is preferred by pilots to
the more complex vertically segmented approach. In a study of approaches to runway 13L at Kennedy Airport,
a 3-deg decelerating approach reduced the population impacted by noise greater than 60 dBA from over 250,000
in the ILS approach to less than 70,000. The results of the generic study of departure procedures indicate that
the benefits of noise abatement departures are site specific. In a study of departures from runway 4R at Logan
Airport, a noise abatement departure that combined a targeted thrust cutback with a dual turn lateral trajectory

reduced the populationimpacted by peak noise greater than 60 dBA by over 15%.

Introduction

HE impact of aircraft noise on communities is an important
considerationin the siting and operation of airports.' =3 To mit-
igate the impact of aircraft noise, certain airports with particularly
close or sensitive communities have developed noise abatement
procedures These procedures are modified versions of existing
instrument flight procedures, but are often too complex to be per-
formed underinstrumentflight rules (IFR) as currentIFR procedures
are limited by the accuracy and coverage of current guidance and
navigation systems.’ The additional guidance required to perform
these noise abatement procedures is provided by the visual ground
referencesavailableunder visual meteorologicalconditions(VMC).
An example of a visual noise abatement procedure is shown in
Fig. 1. Figure 1 shows the noise abatement approach to runways
13L/R atJohn F. Kennedy (JFK) International Airport in New York
City. Because the Canarsie very high-frequency omnirange (VOR)
navigation aid provides lateral guidance during the initial phases
of the approach, this approach is often referred to as the Canarsie
VOR approach. During the final phases of the approach, special
lead-in lights provide the visual references required to complete
the descending turn to the runway. The Canarsie VOR approach is
designed to avoid densely populated residential communities near
the airportby flying a tightly curved trajectory that keeps the aircraft
as close to Jamaica Bay as possible. The Canarsie VOR approach,
however, may only be performed in VMC with the ceiling greater
than 800 ft and the visibility greater than 2 n mile, thus limiting its
use in all weather conditions.

Recent advances in guidance and navigation technology have
given the cockpit crew unprecedented capabilities in the IFR envi-
ronment. Area navigation(RNAV) allows pilots to create trajectories
using a series of arbitrary reference points or waypoints. The global
positioning system (GPS) provides accurate position estimates at
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any location around the world.® In combination, these capabilities
enable approach and departure trajectories that may be adjusted for
noise considerations. The International Civil Aviation Organization
(ICAO), of which the United States is a member state, has recog-
nized the potential benefits of using advanced flight guidance tech-
nology to reduce the impact of aircraft noise. ICAO has charged its
Noise Abatement Operating Measures Subgroup with the following
tasks.’

1) Describe effective existing noise abatement operational proce-
dures and strategies.

2) Evaluate the critical components of aircraft flight procedures
that can minimize source noise emissions and community exposure.

3) Identify emerging and future airport systems technologies in
the fields of flight management, air traffic control, and airport ca-
pacity that could also serve to minimize community noise exposure.

4) Conceivenew operatingproceduresto reduce community noise
exposure taking account of the emerging and future technologies
identified in 3.

The analysis presented in this paper is a partial response to these
tasks. In combination, the aircraft, airport, and the community form
a closed system. If flight procedures are the means of operating
that system, then the noise abatement procedure represents a way
of operating the system with lower noise impact. To determine the
appropriate noise abatement procedure to use, it is necessary to
consider several coupled factors: 1) aircraft performance and trajec-
tory, 2) noise generated by the aircraft, 3) population distribution
and density, 4) flight safety and pilot acceptance, 5) guidance and
navigation requirements, and 6) local atmospheric conditions.

Traditionally, these factors have been considered either indepen-
dently or in subsets. NOISIM, the tool presented next, provides
a method of incorporating and evaluating these factors simultane-
ously in a rapid prototypingenvironment. This approachto develop-
ing noise abatement procedures incorporates the coupled relation-
ships thatexist between the factors, thus providinga comprehensive
methodology for developing noise abatement solutions.

NOISIM
The primary component of the systems analysis methodology
is NOISIM. This tool combines a flight simulator, a noise model,
and a geographicinformation system (GIS) to create a unique rapid
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Fig. 1 Canarsie VOR visual noise abatement approach to JFK run-
ways 13L/R.

prototypingenvironmentin which the user can simulate an aircraft’s
operationin existing and potential guidance and navigationenviron-
ments, while simultaneously evaluating the aircraft’s noise impact.
Figure 2 shows the structure of NOISIM. Figure 2 shows how the
flight simulator, noise model, and GIS are coupled to determine the
noise impact. Pilot inputs into the flight simulator generatea trajec-
tory that is used by the noise model to determine the noise footprint
of the procedure. This footprintis combined with the populationdis-
tribution and density data of the GIS to determine the noise impact
of the procedure.

Flight Simulator

The flight simulator component of NOISIM has been developed
at the Massachusetts Institute of Technology Aeronautical Systems
Laboratory using performance data from the Boeing 737, which
served as the NASA Advanced Transport Operations aircraft®
Figure 3 shows a diagram of the flight simulator. As can be seen,
the flight simulator provides all of the cockpitinterfaces foundin an
advanced commercial aircraft. The aircraft may be controlled either
manually via the sidestick, at the state level via the mode control
panel or at the trajectory level via the control display unit. This
allows the trajectories to be flown as they would be in an aircraft.
The simulatoralso allows the rapid prototypingof displaysthat may
be required to perform specific procedures. The aircraft simulated
in the analyses that follow is a 737-200 with two low-bypass ratio
JT8D turbofan engines.’ The weight of the aircraft is assumed to
be 90,000 Ib, and the atmospheric conditions are assumed to be the
same as those in the standard U.S. atmosphere.

Noise Model

The fan and jet noise generatedby the aircraftis determined using
the Heidman'® and Stone and Montegani'' models outlined in the
NASA Aircraft Noise Prediction Program theoreticalmanual.'? The
fan and jet noise are modeled in one-third octave bands (tertsbands)
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and in 1-deg increments from the longitudinal axis of the aircraft.
The effects of acoustic treatments were included via adjustments to
the engine spectra. Atmosphericattenuationis modeledas a function
of frequency, temperature and humidity."* Excess ground attenua-
tion is modeled using the relationshipsoutlined in Ref. 14.

Geographic Information System

NOISIM uses U.S. Geographical Survey landuse/landcover data
and U.S. Census Bureau populationdensity data to create a GIS that
is used to calculate the residential area and populationimpacted by
aircraftnoise.!”

NOISIM Output

NOISIM is designed to have flexible, graphical, user selectable
output. In this paper the peak A-weighted sound pressure levels will
be reported. Other metrics may be selected by the user, as NOISIM
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Fig. 4 Sample NOISIM output.

outputs the complete noise spectra in tertsbands. Figure 4 shows
a sample NOISIM output. Figure 4 shows the peak A-weighted
sound pressure levels in 10-dBA bands resulting from the existing
noise abatement departure from runway 4R at Logan Airport in
Boston, Massachusetts. The lowest noise level that is presented,
60 dBA, represents the typical level of personal conversation, but
this threshold may be changed by the user. The values at the bottom
of Fig. 4 represent the residential area and the number of people
impacted by noise in the user selected noise ranges.

The noise impact calculated by NOISIM for the departure from
runway 4R at Logan Airport was compared to noise measurements
for the same aircraft and engine type (737-200 with JT8D engines)
attwo noise monitoring stations operated by the MassachusettsPort
Authority.!® The results of that comparison showed that the differ-
ence between the peak noise level predicted by NOSIM and the
noise measured at the sites was 0.4 and 0.6 dBA, respectively. The
time history of the unweighted sound pressure level at station 1 was
also compared. The results of that comparison showed that the dif-
ference between predicted and measured values for the time that the
sound pressure level is above 80 dB was less than 1 s. It should be
noted that the comparison was limited, and the accuracy of NOISIM
may not be as good as indicated.

Generic Study of Approach Procedures

A generic study is presented of two noise abatement approach
procedures: the vertically segmented approach and the 3-deg decel-
erating approach. Both approaches were evaluated relative to the
baseline ILS approach. In the study, the airport was assumed to be
located in the midstof an area of uniformpopulationdensity, and the
airportboundary was assumedto be located at the runway threshold.
The airport was assumed to be sufficiently large that all of the noise
producedon the airport side of the thresholdis contained within the
airport and was not included in the noise impact.

Approach Procedures

Example profiles are shown of the ILS approach (Fig. 5a), the
vertically segmented approach (Fig. 5b), and the 3-deg decelerating
approach (Fig. 5¢).

The ILS approach is the standard approach used by commercial
aircraft. To prevent confusion with false glide slopes, aircraft are
required to intercept the glide slope from below so that the 3-deg
glide slope is always the first glide slope that the aircraftencounters.
Because of this requirement, aircraft typical fly at low altitude for
extendedperiods.In the example shownin Fig. 5a, the aircraftslows
to210kn and descendsto 2500 ft above the runway at some distance
from the runway. During this period of level flight, the aircraft is
configured for landing and reduces its speed to 140 kn. When the
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Fig. 5 Example profiles of a) ILS approach, b) vertically segmented
approach, and c) 3-deg decelerating approach.

aircraft intercepts the glide slope, it begins a 3-deg descent to the
runway.

The vertically segmented approachhas beenidentified in previous
work as a method of achieving significant noise benefits.!”!® In
this approach, the aircraft descends at a steeper than normal angle
(greaterthan 3 deg) and intercepts the 3-deg glide slope from above.
This approachincreasesthe angle of descent and reduces the thrust.
In the example shown in Fig. 5b, the aircraft begins a 5-deg descent
at 6000 ft above the runway, then transitions to a 3-deg descent at
1000 ft above the runway. During the 5-deg segment, the aircraft
maintains a speed of 160 kn. This is reduced during the transition
to the approach speed of 135 kn.

The 3-deg decelerating approach is enabled by RNAV and GPS.
By the use of both technologies, it is possible to create a straight or
curved approach path from any point. Simple versions of the 3-deg
decelerating approach could be accomplished with the ILS and dis-
tance measurements from GPS or distance measurementequipment
(DME). In the example shown in Fig. 5c, the aircraft intercepted a
virtual glide slope 6000 ft above the runway at a speed of 250 kn.
During the descent, the aircraft decelerates at idle thrust. The final
approach speed of 135 kn was achieved 500 ft above the runway,
and the remainder of the approach proceeded as normal.

Noise Impact of Approach Procedures

The noise impact of the three approaches were evaluated using
NOISIM. Figure 6 shows the noise impact of the three approaches.
As Fig. 6 shows, the noise impact of both the vertically segmented
and 3-deg decelerating approaches are comparable. Figure 6 also
shows that both noise abatement approaches reduce the area im-
pacted by peak noise greater than 60 dBA by over 50% in compar-
ison to the ILS approach.

Pilot Acceptance of Noise Abatement Procedures

Pilot acceptanceof the two noise abatement procedures was eval-
uated in a piloted simulator study using the flight simulator compo-
nentof NOISIM. Each subjectperformeda total of nine approaches.
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Fig. 6 Comparison of noise impact of ILS approach, vertically seg-
mented approach, and 3-deg decelerating approach for 737-200.

Of the nine approaches, three were ILS approaches, three were
vertically segmented approaches, and three were decelerating ap-
proaches. Each procedure was performed in zero wind, a tailwind
of 20 kn, and windshear conditions. Four pilots participated in the
study. Two of the pilots were airline captains with glass cockpitex-
perience, and the other two pilots were certified instrument flight
instructors.

All subjects completed the nine approaches without incident.
When queried about their preference for a noise abatement pro-
cedure, all of the pilots selected the 3-deg decelerating approach.
When queried aboutthe difficulty of the 3-deg deceleratingapproach
in comparison to the ILS approach, none of the pilots indicated that
the 3-deg decelerating approach was more difficult. When queried
aboutthedifficulty of the 3-degdeceleratingapproachin comparison
to the vertically segmented approach, all of the pilots said thatit was
easier. Half of the pilots said that it was much easier, whereas the
other half said it was somewhat easier. When queried about their
rationale for choosing the 3-deg decelerating approach, all of the
pilots indicated that they preferred the stabilized flight path of the
3-deg decelerating approach.

Specific Study of Approach Procedures

The 3-deg decelerating approach, identified in the generic study
as the noise abatement approach that provides the best combination
of noise reduction and pilot acceptance, was evaluated in a study of
approachestorunway 13L at JFK. Three approacheswere evaluated:
the baseline ILS approach, the Canarsie VOR approach (the existing
noise abatement approach), and a 3-deg decelerating approach.

Noise Impact of ILS Approach

Figure 7 shows the ILS approachto runway 13L at JFK. To avoid
conflicts with traffic departing and approaching Newark and La
Guardia Airports, aircraft that are performing the ILS approach are
vectored toward the fix TELEX from the south at low altitude to
intercept the ILS at an altitude of 2000 ft.

Figure 8 shows the noise impact of the ILS approach. As Fig. 8
shows, over 250,000 people are impacted by peak noise greater than
60 dBA. Communities near TELEX are heavily impacted during the
turn onto the final approach, as the thrust of the aircraft must be in-
creased during the turn to maintaina constantaltitude. This scenario
illustrates the adverse noise effects of low-altitude vectoring.

Noise Impact of Canarsie VOR Approach

When the weather conditions are favorable (i.e., visibility > 2 n
mile and ceiling > 800 ft), aircraft on approach to runway 13L may
performthe Canarsie VOR approachprocedureshownin Fig. 1. The
noise impact of this procedure is shown in Fig. 9. As Fig. 9 shows,
the number of people impact by peak noise greater than 60 dBA
is significantly reduced when aircraft use the Canarsie approach
inasmuch as the trajectory is closer to Jamaica Bay.

a) Plan view
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Fig. 7 ILS approach to JFK runway 13L.

Fig. 8 Noise footprint and impact of ILS approach to JFK runway
13L.

Noise Impact of 3-Degree Decelerating Approach

Figure 10 shows the noise impact of the 3-deg decelerating ap-
proach in those communities impacted by the ILS approach. This
approach has a very similar ground track to the existing ILS ap-
proach, but the aircraftis in an idle descent throughoutthe approach,
with no level segments at constant speed.

Comparison of Approach Procedures

Figure 11 shows the noise impact of the three approaches to
runway 13L at JFK. Both noise abatement approaches provide
significant noise reductions relative to the ILS approach (Fig. 11).
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7 T A — Figure 11 also shows that the noise impact of the 3-deg decelerating
® approach is comparable to the noise impact of the Canarsie VOR
approach. Unlike the Canarsie VOR approach, however, the 3-deg
decelerating approach may be performed in instrument meteoro-
logical conditions (IMC). The number of people impacted by noise
greaterthan 60 dBA is reduced from over250,000during the ILS ap-
proach to less than 70,000 during the 3-deg decelerating approach.
Although the 3-deg decelerating approach appears to provide re-
ductions at the higher noise levels, variability in the altitude that the
final approach speed is achieved may diminish these reductions.

Generic Study of Departure Procedures

This section presents the results of a generic study of two noise
abatement departure procedures: the ICAO noise abatement depar-
ture and the thrust cutback departure. Both departures were evalu-
atedrelativeto a baselinedeparture consistingof a full thrust takeoff
with reduced thrust climb. In the study, the airport was assumed to
be located in the midst of an area of uniform population density,
and the airport boundary near the departure end of the runway was
assumed to be 2 mile from the runway threshold. The airport was
assumed to be sufficiently large that all of the noise produced on the
Fig. 9 Noise footprint and impact of canarsie VOR approach to JFK airport side of that boundary was contained within the airport and
runway 13L. was not included in the noise impact.

Departure Procedures
Example profiles are shown of the baseline departure (Fig. 12a),

i 4 o the ICAO noise abatement departure (Fig. 12b), and the thrust cut-
° back departure (Fig. 12¢).

The baseline departure is a full thrust takeoff with reduced thrust

% climb. As shown in Fig. 12a, the aircraft retracts its landing gear

1 and accelerates to an initial climb speed of 170 kn after takeoff.

At 800 ft above the runway altitude, the thrust is reduced to climb
thrust, and the aircraft accelerates to a maneuver speed of 210 kn.
At 3000 ft above the runway altitude, the aircraft accelerates to an
enroute climb speed of 250 kn.
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Fig. 11 Comparison of noise impact of ILS approach, canarsie VOR Fig. 12 Example profiles of a) baseline departure, b) ICAO noise

approach, and 3-deg decelerating approach to JFK runway 13L. abatement departure, and c) thrust cutback departure.
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Fig. 13 Noise footprint for ICAO noise abatement departure relative
to baseline departure in Fig. 12a vs height aircraft accelerates to 250-kn
enroute climb speed.

The ICAO noise abatement departure is designed to reduce the
total area impacted by aircraft noise. As shown in Fig. 12b, the
aircraft retracts its landing gear and accelerates to an initial climb
speed of 170 kn after takeoff. At 1500 ft above the runway altitude,
the thrust is reduced to climb thrust while the aircraft maintains its
initial climb speed. At 3000 ft above the runway altitude, the aircraft
accelerates to an enroute climb speed of 250 kn.

The thrust cutback departure is designed to reduce the noise at
a specific location. As shown in Fig. 12c, the aircraft retracts its
landing gear and acceleratesto an initial climb speed of 170 kn after
takeoff. At 800 ft above the runway altitude, the thrustisreducedto a
level that is lower than the climb thrust, while the aircraft maintains
its initial climb speed. At 2000 ft above the runway altitude, the
thrust is increased to climb thrust, and the aircraft accelerates to a
maneuver speed of 210 kn. At 3000 ft above the runway altitude,
the aircraft accelerates to an enroute climb speed of 250 kn.

Noise Impact of ICAO Departure

Figure 13 shows the noise footprints for the ICAO noise abate-
ment departure vs the height that the aircraft accelerates to its
enroute climb speed. The noise footprint for the baseline departure
in Fig. 12a (with an area of 45 mile? impacted by noise greater than
60 dBA) is included for reference. Figure 13 illustrates the changes
in the size and shape of the noise contours as the accelerationheight
is changed. As Fig. 13 shows, the length of the 70-dBA contour is
significantly reduced as the acceleration height is increased from
2500 to 3500 ft, but is not reduced significantly as the acceleration
height is increased from 3500 to 4000 ft.

Figure 14 shows the noise impact in 10-dBA bands of the ICAO
noise abatement departure relative to the baseline departure in
Fig. 12a vs the height that the aircraft accelerates to its enroute
climb speed. The areaexposedto 70-80 dBA noiseis reducedsignif-
icantly as the acceleration height s increased from 2500 to 3500 ft,
but this rate of reduction diminishes with further increasesin height
(Fig. 12a). Figure 12aalso shows that the ICAO noise abatementde-
parture reduces the total area exposed to noise greater than 60 dBA.

Although the results of this study are based on a uniform popula-
tion density, they give an indication of the general trends in the noise
impact of the ICAO noise abatementdeparture as the height that the
aircraftacceleratesto its enroute climb speed is changed. The actual
noise impact, however, depends on the population distribution and
density in the communities surrounding the airport.

Noise Impact of Thrust Cutback Departure

Figure 15 shows the noise footprints for the thrust cutback depar-
ture vs the height that climb thrust is resumed. The noise footprint

Change in Noise Impact (sq.mi.)

2000 2500 3000 3500 4000
Height Aircraft Accelerates to 250 Knots (ft.)

Fig. 14 Noise impact of ICAO noise abatement departure relative to
baseline departure in Fig. 12a vs height aircraft accelerates to 250-kn
enroute climb speed.

L u

Baseline 2,000 ft. 2,500 ft. 3,000 ft. 3,500 ft.
Departure

anami.

Fig. 15 Noise footprint for thrust cutback departure relative to base-
line departure in Fig. 12a vs height climb thrust resumed.

for the baseline departure in Fig. 12a is also included for refer-
ence. Figure 15 shows that if climb thrust is resumed at 2000 ft,
the 80-dBA contour separates into two sections, where the section
farthestfrom the runway correspondsto the noise impact after climb
thrust is resumed. For the 2500-ft case this section has almost dis-
appeared inasmuch as the maximum noise impact after climb thrust
is resumed is approximately 80 dBA. Figure 15 also shows that
the length of the 70-dBA contour increases up to the height where
the farthest section of the 80 dBA separates from the ground, then
decreases with further increases in the height when climb thrust is
resumed.

Figure 16 shows the noise impact in 10-dBA bands of the thrust
cutback departure relative to the baseline departure in Fig. 12a vs
the height that climb thrust is resumed. As Fig. 16 shows, the area
exposedto 70-80 dBA noise is greater than in the baseline departure
when climb thrust is resumed at 2000 and 2500 ft, but is less than
in the baseline departure when climb thrustis resumed at 3000 and
3500 ft. Figure 16 also shows that the areaimpacted by noise greater
than 80 dBA does notdecrease any furtherif climb thrustis resumed
above 3000 ft.

Comparison of Departure Procedures

These results illustrate the complex trade between higher inten-
sity noise exposure area change and lower intensity noise exposure
area change that must be made when selecting a noise abatement
departure. The actual noise impact is dependent on the population
around the airport and can be determined using NOISIM.
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Fig. 16 Noise impact of thrust cutback departure relative to baseline
departure in Fig. 12a vs height climb thrust resumed.

Specific Study of Departure Procedures

Logan Airport (BOS) is less than 2 mile from downtown Boston
and is adjacent to several residential communities in the Boston
metropolitan area. The close proximity of these residential areas
limit airport operations. One instance where noise restrictions limit
aircraft operationsis the departure from runway 4R.

Existing Noise Abatement Departure

Jet aircraft departing from runway 4R are required to perform a
noise abatement departure designed to reduce the noise impact in
these residential communities. In the existing procedure, the pilot
maintains the runway heading until the aircraftis 4 n mile from the
DME beacon located at the airport. At this point the pilot changes
the aircraft’s heading to 90 deg and flies toward the Atlantic Ocean.
The noise impact of the existing noise abatement departure was
shown in Fig. 4. The results shown represent the noise impact of an
aircraft that follows the noise abatement procedure precisely.

RNAYV Enabled Noise Abatement Departure

The results of the generic studies indicate that a thrust cutback
would be beneficial to the East Boston community adjacent to the
departureend of the runway. The noise footprints derived during the
generic study of thrust cutback departures were used to determine
the noise impact in that community as a function of the height that
climb thrust is resumed. This investigation showed that for heights
greaterthan 2000 ft, the noise reductionin the communities adjacent
to the departure end of runway 4R was independent of the height
at which climb thrust is resumed, and so a height of 2000 ft was
selected for the RNAV noise abatement procedure.

Performing a thrust cutback, however, increases the dimensions
of the noise footprint, especially at locations farther away from the
runway. If a thrust cutback was combined with the lateral trajec-
tory of the existing noise abatement departure, the noise reductions
achieved during the thrust cutback would be offset by increased
noise impact at locations farther away from the runway. To com-
pensate for the increase in the dimensions of the footprint, RNAV
was used to create a lateral trajectory that better matches the area of
low noise sensitivity.

Figure 17 shows the noise footprint, area impacted, and the num-
ber of people impacted during this RNAV enabled noise abatement
departure. As Fig. 17 shows, the addition of a second turn allows the
trajectory to be adjusted to match the area of low noise sensitivity.
Thus, using NOISIM, the type of noise abatement procedure and
the parameters of that noise abatement procedure may be selected
based on the population distributionin the affected communities.

Comparison of Departure Procedures

Figure 18 shows the total noise impact of the existing and RNAV
enabled noise abatement departure from runway 4R at BOS. As

Py .

Fig. 17 Noise footprint and impact of RNAV enabled noise abatement
departure from BOS runway 4R.
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Fig. 18 Comparison of noise impact of existing and RNAV enabled
noise abatement departures from BOS runway 4R.

the diverging curves in Fig. 18 indicate, the RNAV enabled noise
abatement departure reduces the number of people impacted at all
noise levels, and the number of people impacted by noise greater
than 60 dBA is reduced from 67,079 to 57,091, a 15% reduction.

Conclusions

NOISIM has been developed as means of developing,evaluating,
and comparing noise abatement procedures. This systems analysis
tool combines a flight simulator, a noise model, and a GIS to create
a unique rapid prototyping environmentin which the user can sim-
ulate an aircraft’s operation in existing and potential guidance and
navigation environments, while simultaneously evaluating the air-
craft’s noise impact. NOISIM was used in generic and site specific
studies of approach and departure procedures for the 737-200.

In the generic study of approach procedures, a vertically seg-
mented approach and a 3-deg deceleratingapproach were evaluated
as a means of reducing the noise impact during approach. The noise
impact of both procedures were found to be comparable, but the
3-deg decelerating approach was preferred by pilots.

In the site specific study of approaches to runway 13L at JFK,
the 3-deg decelerating approach was found to provide comparable
noise reduction to the existing visual noise abatement approach, but
unlike the existing noise abatement procedure, the 3-deg decelerat-
ing approach could be performed in IMC. The 3-deg decelerating
approach reduced the population impacted by noise greater than
60 dBA from over 250,000 in the ILS approach to less than 70,000.
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In the generic study of departure procedures, it was found that the
dimensions of the noise footprint varied significantly with changes
in the parameters that define both the ICAO noise abatement de-
parture and the thrust cutback departure. Because the noise impact
depends on the population distribution and density around the air-
port, the evaluation and implementation of these and other depar-
ture proceduresrequiresa tool such as NOISIM that can incorporate
population distribution and density into the noise impact.

In the study of departures from runway 4R at BOS, a noise abate-
ment departure procedure was developed using the results of the
generic study. In the procedure, a thrust cutback is performed to
reduce the noise impact in the residential communities adjacent to
the departureend of the runway. The capabilities of RNAV and GPS
were used to design a lateral path that directs the aircraft more pre-
cisely through an area of low noise sensitivity. The improved lateral
precision compensates for the increase in the dimensions of the
noise footprint that result from the thrust cutback. When the RNAV
enabled departure was used in place of the existing noise abatement
departure, the number of people impacted by noise greater than
60 dBA was reduced from 67,079 to 57,091, a 15% reduction. This
reduction may be less for other types of aircraft.

Acknowledgments

This work was supported by the NASA Grant NAG-1-1531.
The author would like to acknowledge R. John Hansman of the
Massachusetts Institute of Technology, Clemans A. Powell and
Kevin Shepherd of NASA Langley Research Center, and Nancy
Timmerman of the Massachusetts Port Authority for their advice
and support.

References

ISmith, M.J. T., Aircraft Noise, Cambridge Univ. Press, New York, 1989,
pp- 20-24.

2Sperry, W. C., “Aircraft and Airport Noise,” Noise Control Handbook of
Principles and Practices, Van Nostrand Reinhold, New York, 1978, Chap. 1.

3“Noise Standards: Aircraft Type Certification,” Federal Aviation Regu-
lations Pt. 36, 34 FR 18364, Federal Aviation Administration, Nov. 1969;
amended (36-1), 34 FR 18815, Nov. 1969.

4Jacobs, H. G., “Flight Management Procedures for Noise-Minimal Land-
ing Trajectories with Consideration of Temperature and Wind Gradients,”
10th Triennial World Congress of the International Federation of Automatic
Control, Munich, Germany, July 1987.

5«“United States Standard for Terminal Instrument Procedures (TERPS),”
Federal Aviation Administration Handbook 8260.3B, Federal Aviation Ad-
ministration, July 1976.

6Logsdon, T., The NAVSTAR Global Positioning System, Van Nostrand
Reinhold, New York, 1992, p. 17.

"International Civil Aviation Organization, Attachment C to Rept. on
Agenda Item 7, Terms of Reference of Working Group 2, Aerodromes and
Operations—Noise and Emissions.

8Hansman, R. J., Jr., Wanke, C. R., Mykityshyn, M., Hahn, E., and
Midkiff, A. H., “Hazard Alerting and Situational Awareness in Advanced
Air Transport Cockpits,” 18th International Council for the Aeronautical
Sciences, Beijing, China, Sept. 1992.

9“The Aircraft Gas Turbine Engine and Its Operation,” Pratt and Whitney
Operating Instructions 200, Pratt and Whitney, East Hartford, CT, May 1974.

10Heidman, M. F., “Interim Prediction Method for Fan and Compressor
Source Noise,” NASA TM X-71763, 1975.

Stone,J. R., and Montegani, F. J., “An Improved Prediction Method for
the Noise Generated in Flight by Circular Jets,” NASA TM-81470, 1980.

127 orumski, W. E., “Aircraft Noise Prediction Program Theoretical Man-
ual,” NASA TM-83199, 1982.

13Ruij grok, G. J. J., Elements of Aviation Acoustics, Delft Univ. Press,
Delft, The Netherlands, 1993, Chap. 3.

14«procedure for the Calculation of Airplane Noise in the Vicinity of
Airports,” SAE Aerospace Information Report AIR-1845, Society of Auto-
motive Engineers Committee A-21 on Aircraft Noise, March 1986.

15Snyder, J. P., “Map Projections—A Working Manual,” U.S. Geological
Survey Professional Paper 1395, Snyder, U.S. Government Printing Office,
Washington, DC, 1987.

16Timmerman, N. S., “Features of Massport’s New Noise Monitoring
System,” National Conference on Noise Control Engineering, Williamsburg,
VA, May 1993.

"Denery, D. G., Bourquin, K. R., White, K. C., and Drinkwater, F. J., III,
“Evaluation of Three-Dimensional Area Navigation for Jet Transport Noise
Abatement,” Journal of Aircraft, Vol. 10, No. 4, 1973, pp. 226-231.

18Denery, D. G., White, K. C., and Drinkwater, F. J., III, “Status and
Benefits of Instrumented Two Segment Approach, August 1974,” Journal of
Aircraft, Vol. 12, No. 10, 1975, pp. 791-798.



