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Objective:
•
Improving the understanding of uncertainties for
predicting aircraft noise in the current FAA
modeling tools.
•
Need to account for uncertainties in modeling of
the aircraft noise (source), meteorological
conditions (propagation path) and ground
impedance, terrain profile (receiver).
Project Benefits:
Development of methodologies to improve the FAA
tools for predicting aircraft noise in the presence of
real-world weather.

Cost Share Partners: Airbus & ANOTEC Engineering
Research Approach:
Penn State: Utilizing events from the BANOERAC
database to assess the role of aircraft directivity and
uncertainties in the propagation path.
Purdue: Using acoustic data and atmospheric data
in the DISCOVER-AQ acoustic data set to quantify
the overall uncertainties during the propagation of
aircraft noise.

Major Accomplishments (to date):
Penn State: has managed to predict en-route
aircraft noise (cruise @37 kft) within 5 dB of the
measured data. Assessed the importance of
including correct meteorological conditions.
Purdue: has evaluated the accuracy of the
propagation model in AEDT with measured data.
Found that AEDT’s propagation model can be
improved with a more accurate moving source model
and ground model.
Future Work / Schedule:
Nearly completed; Analyze Airbus data & write up.

This research was funded by the U.S. Federal Aviation Administration Office of Environment and Energy through ASCENT, the FAA Center of Excellence for Alternative Jet Fuels and the Environment, project 40 through FAA Award Number 13-C-AJFEPSU & 13-C-AJFE-PU under the supervision of Dr. Hua He. Any opinions, findings, conclusions or recommendations expressed in this this material are those of the authors and do not necessarily reflect the views of the FAA.
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En-route aircraft event from
BANOERAC data
• BANOERAC (‘Background noise level and noise levels from en-route aircraft’): a
project initiated by the ‘European Union Aviation Safety Agency’.

Noise monitor data

• Over 1000 en-route aircraft noise events spread across 20 days over a 6-month
period (Feb - July 2009)  about 68 “clean” events  showing one cruise event

Boeing
737-800
Aircraft
track

Cruising at ~37000 ft
470 knot (ground speed)
Lowest slant
distance
(when closest to the
noise monitor)

2

Predicting en-route aircraft noise
(challenges and results)
Source levels and directivity (Dr. Morris, Penn State):
• Source sphere generated using ANOPP2 (used as input to the in-house ray tracing code).
• Little to no information about the aircraft state (weight, thrust) made this challenging!
Meteorological data (Propagation
path):
• Challenge: The meteorological data
included with the BANOERAC data is from
far away sounding stations (~66 km
away) and only available every 12 hours.
The data available from the ground
measurements doesn’t include vertical
profiles.
• Solution: Data from ERA5 (European
Center for medium range weather
forecasts) is used (data available at 8 km
away from the noise monitor, every hour).

Sound source
sphere.
OASPL at
1 m radius

Numerical experiments (in-house ray
tracing code):
• Included the moving source effects
(frequency and amplitude correction)
• Considered (vertical) inhomogeneity in
temperature, wind, humidity.
• Red line (best prediction) within 5 dB
of measurements (black line)!
• Not including the inhomogeneity in
temperature profile  results off by as
high as 10-15 dB!
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En-route aircraft event from
DISCOVER-AQ dataset
• DISCOVER-AQ (Deriving Information on Surface Conditions from Column and
Vertically Resolved Observation to Air Quality): Initialed by NASA. Acoustic data
measured by FAA and Volpe Center.

Spiral down event at Trinity
bay with 2 receivers

• 95 aircraft events from a variety of test aircraft operations (spiral down, spiral up
and level flight) at a range of altitudes.

SEL measurement of (a) spiral down loops and (b) level flight vs
Noise Power Distance curve of P3C Orion at 20% power setting
(a)

(b)

Level flight event near Conroe
with 6 receivers

(b
)

P3-B Orion aircraft

• The SEL of all the measured data in spiral down events and level flight events are
plotted in (a) and (b).
• The rate of change of SEL against distance have good agreement to that of noise power
distance (NPD) curves at short range.
• The variance of SEL is larger when the distance between source and receiver is larger
than 2000 m, which suggests a larger uncertainty at far range .
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Propagation effects in DISCOVERAQ
dataset (Approach and results)
Measured 1/3 octave data in spiral down events

AEDT’s acoustic data recorded at
measurement sites:
• Challenge: The sound emitted by the
aircraft is time varying and contains the
influence of source directivity.
• Solution: A subtraction-based method is
proposed to eliminate the influence of
non-constant source power. The sound
exposure level is used in the analysis
instead of second-by-second time history
data to mitigate influence of source
directivity.

Measured vs predicted sound pressure level

The geometry of (a) the spiral down loops and (b) the level flight section.
Subtraction analysis of SEL is conducted for the colored sections.

Theoretical model:
• Included propagation factors: Divergence
effect, Doppler effect, air absorption, and
ground reflection (reflection coefficient
corrected for moving source).
Models error in spiral down events

Models error in level flight events

What can be observed from the subtraction analysis:
•
Theoretical model is better than AEDT.
•
The ground effect and Doppler effect are important according to theoretical
predictions and the subtraction analysis.
•
The main differences between the theoretical model and AEDT are the
Doppler effect and the ground effect.
Suggestion for AEDT:
•
The accuracy of AEDT can be improved by improving the ground effect
model and the Doppler effect in AEDT’s propagation analysis.
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