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• Public acceptance of 
helicopter operations is 
decreasing

• Community annoyance 
is usually linked to 
noise (cause or 
trigger?)

• Operations are being 
limited for community 
noise concerns

• Noise must be 
addressed to maintain, 
or expand, useful 
vertical flight operations
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A Plague of Helicopters is Ruining New York
1/30/2016 New York Times

Aerial Tours Spark Ground-Level Noise Gripes
3/2/2017 Kansas City Star



Helicopter Noise Sources
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• Rotor harmonic noise 
sources dominate 
external noise

• Thickness

• Loading

• Same mechanisms 
govern tail rotor noise

Loading

Thickness

• Tail rotor thickness noise typically dominates annoyance for 
light helicopters in cruise, due to higher frequencies

• But a special higher frequency form of main rotor loading 
can occur, called Blade-Vortex Interaction (BVI), under 
certain rotor operating conditions



Blade-Vortex Interaction Noise
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Shallow

Steep

Steeper

• Occurs when rotor wake 
passes near rotor blades

• Highly impulsive noise

• Magnitude and directivity 
strong function of rotor 
operating condition

• Tends to dominate 
annoyance metrics when it 
occurs



Noise Abatement Guidance

Guidelines

• Avoid low altitude

• Avoid high BVI 
flight conditions

• Avoid rapid 
maneuvers

Noise abatement 
information is not 
available for most 
helicopter types
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HAI Fly Neighborly Guide



Empirical Source Noise Data

• Noise measured by array for steady flyover

• Measurements normalized to hemisphere

• Database of source noise hemispheres covering a 
range of conditions built for the helicopter type 6



NASA Mobile Acoustic Facility
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• Command and storage trailers

• Wireless Acoustic Measurement 

Systems (WAMS)

• Extensive weather 

instrumentation

• Ground stations

• Balloon

• LIDAR

• DGPS survey system

• Quiet generators

• Aircraft instrumentation



Helicopter Noise Database

• Data for ten civil helicopter types 
• Airbus AS350BA

• Airbus AS350B3

• Airbus EC130B4

• Bell 206L4

• Bell 407

• Bell 430

• MD Helicopters MD902

• Mil Mi-17

• Robinson R-44

• Robinson R-66

• Measurements of 1200+ steady flight 
conditions

• Level

• Climbing

• Descending

• Multiple test sites with varying density-
altitude, air temperature

Expansive, but still represents only 
a small fraction of the types in 
service and operating conditions 8

Airbus 

AS350BA

Bell 430
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Research Objective
Develop a model using physical knowledge and 
machine learning techniques that can predict 
helicopter noise abatement information for any 
conventional helicopter.



Approach

1. Classify empirical noise data

2. Select appropriate features

3. Condition the data

4. Train the model

5. Validate the model
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Research Objective
Develop a model using physical knowledge and 
machine learning techniques that can predict 
helicopter noise abatement information for any 
conventional helicopter.



Classifying the Data:
A Representative Noise Metric
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Bell 430 at descending at 12°, 70 knots

1. Place source noise hemisphere 500 m above ground plane

2. Propagate noise to ground plane from 30° elevation and down

3. Correct noise levels for time of exposure (slower helicopter = higher level)

4. Average ground noise levels to get single value for this flight condition

Tail

Nose



Classifying the Data:
What Counts as “Noisy?”

• Calculate ground 
noise level for every 
flight condition

• Compute range of 
noise levels over 
entire envelope

• Noise levels in the 
loudest 30% of range 
are classified “noisy”

• Repeat for each 
helicopter in database
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Bell 430



Feature Selection:
“Noisy” Region Varies
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Robinson R-44 Bell 430

Light, 2-bladed Medium, 4-bladed



Feature Selection:
Nondimensionalization
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Ex: Theory & Experiment show BVI noise for a particular rotor to be a function of:

• Advance Ratio nondimensional aerodynamic speed

• Angle of Attack angle between rotor disk and aerodynamic velocity

• Weight Coefficient nondimensional weight (thrust in steady flight)

• Hover Tip Mach Number nondimensional rotational speed

BVI physics are also controlled by the number of blades of the rotor system

Level Flight

Descending 

Flight



Feature Selection:
Nondimensional Data Collapses
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Conditioning the Data:
Augmenting the Dataset

• BVI noise will eventually reduce at high enough angle-of-attack

• It’s not always possible to descend steeply enough during testing

• Augment data by adding “quiet” conditions above those flown
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Conditioning the Data:
Removing Bias

• ”Not noisy” outnumbers “noisy” ~ 5:1

• Need to balance data to avoid biasing result toward majority

• Synthetic Minority Over-Sampling Technique (SMOTE) –
adds new minority data points near other minority points 17



Machine Learning:
Models Evaluated

Machine 

Learning 

Model

5-fold Cross 

Validation 

Accuracy (%)

Wall Clock 

Fitting Time 

(s)

Support 

Vector 

Machine 
(RBF kernel)

93 0.32

Gaussian 

Process 
(RBF kernel)

94 10300

Naïve 

Bayes
84 0.002

Neural 

Network
85 1.89

Random 

Forest 
(Bagging)

96 0.125
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• All models available in  

scikit-learn (Python)

• Single helicopter withheld 

from the database (Bell 407)

• Each model trained five 

times on 80% of the data, 

accuracy assessed on 

remaining 20% averaged 

over all five trials

• All models demonstrated 

acceptable accuracy

• Gaussian process and 

neural network models are 

significantly slower



Machine Learning:
Probability of “Noisiness”
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Support Vector Machine

Platt-Scaled Probability

Random Forest
Mean Probability of Trees

Bell 407



Machine Learning:
Classifier Validation

20Support Vector Machine Random Forest

Bell 407



Machine Learning:
Classifier Validation

21Support Vector Machine Random Forest

MD Helicopters MD902 (model retrained excluding MD902) 



Closing Remarks

• Machine learning models can predict ”noisy” 
operating conditions of helicopters with good 
accuracy

• Putting noise data on a physics-based 
nondimensional basis aids in producing an 
accurate model with minimal complexity

• Support Vector Machine and Random Forest 
classifiers yielded high accuracy with low 
computational cost

• New model can be used to provide operators with 
noise abatement information specific to their 
vehicle type, mission equipment, and operating 
environment
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