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Project Overview 
The standard technique for evaluating fleet noise is to estimate the flight procedure source noise by using noise–power–
distance (NPD) curves. Noise calculations within the Aviation Environmental Design Tool (AEDT) rely on NPD curves provided 
by aircraft manufacturers. This dataset reflects representative aircraft categories at set power levels and aircraft 
configurations. Noise levels are obtained as a function of slant distance via spherical spreading through a standard 
atmosphere, and other correction factors are applied to obtain the desired sound field metrics at the location of the receiver. 
The current NPD model does not consider the aircraft configuration (e.g., flap settings) or alternative flight procedures being 
implemented. These factors are important, because the noise characteristics of an aircraft depend on the thrust, aircraft 
speed, and airframe configuration, among other contributing factors such as ambient conditions. The outcome of this 
research is an approach based on the suggested NPD + configuration (NPD+C) format, which will enable more accurate noise 
predictions because of its inclusion of aircraft configuration and speed changes.  



 
 

 

 

This project is currently in its fourth year. During the third year, this work focused on two main topics. First, prior work was 
extended to examine the impact of NPD spectral (frequency) content on noise contours. This first focus was divided into two 
aspects: (a) the manner in which the spectral data are used within AEDT while all other parameters are held constant and (b) 
the manner in which the noise contours change when spectral data generated from the Environmental Design Space (EDS) 
are utilized in a manner similar to that of the NPD+C approach. Second, the NPD+C approach was validated with available 
aircraft operation and airport noise monitoring data. A brief description of the prior work is provided for reference. 

 
Task 1 - Development and Testing of the NPD+C Correction Function 
Georgia Institute of Technology 
 
Objectives 
The objective of this task was to create a correction function (CF) to correct the baseline NPD for an aircraft class to match a 
given flight configuration, incorporating flight velocity (FV), flap deflection angle (FDA), and gear setting (gear). 
 
Research Approach 
Overview 
Before a CF was created, several categories of commercial transportation aircraft were identified according to their payload 
capacity. Ultimately, four categories were identified: 50, 150, 210, and 300 passenger (pax) categories. Fitting the NPD CF 
involved four steps. The first was the aircraft class definition, in which the bypass ratios (BPR), overall pressure ratios (OPR), 
and rated thrusts (i.e., sea-level static [SLS] thrust) were collected for a given aircraft class. Next, these values were used to 
create a series of engine variants for the aircraft class and were evaluated with the EDS software to generate engine state 
tables for use in the Aircraft Noise Prediction Program (ANOPP). The final step of this process was to fit a model to these 
data, so that the difference between a given configuration and a baseline condition could be predicted. The model itself 
would be a function of both engine parameters and aircraft configuration, i.e., fcn (BPR, OPR, SLS Thrust, FDA, FV, Gear). 
This process is shown in the left column of Figure 1. A general form of the CF equation can be found in which a, b, c, d, and 
e are constants, and the remaining terms are cross-products, raised to powers (up to the fifth power) and multiplied by 
constants. The authors of this report did not actively write the equations for the CFs; instead, the JMP statistical program 
suite was used to calculate the best linear fit to the ANOPP data. The actual equations were approximately 100 lines long 
when typed out. 
 

Equation 1. Correction Function General Form. 
 

𝑪𝑭(𝑩𝑷𝑹,𝑶𝑷𝑹, 𝑺𝑳𝑺	𝑻𝒉𝒓𝒖𝒔𝒕, 𝑭𝑫𝑨, 𝑭𝑽, 𝑮𝒆𝒂𝒓) = 𝒂 ∗ 𝑩𝑷𝑹+ 𝒃 ∗ 𝑶𝑷𝑹+ 𝒄 ∗ (𝑭𝑫𝑨 ∗ 𝑭𝑽)𝟐 + 𝒅 ∗ (𝑺𝑳𝑺	𝑻𝒉𝒓𝒖𝒔𝒕 − 𝒆)𝟒 +⋯		

 



 
 

 

 

 
 

Figure 1. CF generation and validation processes. 
 
Class Definition 
The first phase of the CF modeling process involved defining the scope of the model, specifically selecting the aircraft and 
corresponding engines from AEDT on which the model would be based. A baseline engine was also selected to match the 
baseline aircraft represented in the ANOPP model. After this list was compiled, the engine BPR, OPR, and SLS thrust values 
were collected from AEDT by exporting each aircraft’s definition as an .XML file and compiling the engine parameters via a 
Python script. With this information, a customized design of experiments (DoE) could be created. This DoE captured both 
corner and interior points within the design space, for a total of 25 cases. A 26th case would also be added to account for 
the baseline engine settings. The AEDT IDs of the aircraft applicable to each CF are shown in Table 1. 
 

Table 1. AEDT IDs for each CF 
 

50–100 pax 100–210 pax 210–300 pax 300–400 pax 

EMB145 737700 767300 777200 

EMB170 737800 A330-301 777300 

EMB175 A319-131 A330-343 7773ER 

EMB190 A320-211 
 

7878R 

EMB195 A320-232 
 

A350-941 

CRJ9-ER A320-271N  
 

CRJ9-LR A320-272N  
 

 
A321-232 

  

 
	

 



 
 

 

 

Environmental Design Space (EDS) Simulations 
The next phase of the CF modeling process involved creating the engine variants to model in EDS. EDS is a computational 
program, created by the Aerospace Systems Design Laboratory (ASDL), which performs aircraft sizing (utilizing NASA’s FLOPS 
program) and includes a routine for generating ANOPP input files. The engine variants were modeled by modifying the 
baseline EDS engine input of the same class by adjusting the values of the SLS thrust, takeoff thrust, top-of-climb thrust, fan 
pressure ratio, low-pressure compressor pressure ratio, and high-pressure compressor pressure ratio. After the values were 
modified to match the engine settings from the DoE, the simulation was initiated, and the resulting outputs were compiled. 
These results were then post-processed to extract the specific engine and thrust information needed for use in ANOPP.  
 
ANOPP Simulations 
Next, the post-processed EDS data were used to modify aircraft input files for use in ANOPP to generate NPD curves. The 
engine state tables were processed for use in ANOPP such that ANOPP would generate NPDs at 4%, 8%, 20%, and 35% of the 
SLS thrust for each engine variant. A customized DoE was then created for aircraft configurations, capturing 64 different 
combinations of flap and ground speed for both gear-up and gear-down settings, for a total of 128 configurations. In 
combination with the 26 engine variants generated in EDS, a total of 128 × 26 = 3,328 ANOPP cases were simulated, 
producing engine-specific NPDs. To reduce the computation time, we distributed the simulations across eight computers. 
After the ANOPP simulations were complete, the outputs were compiled and transferred to the statistical software package 
JMP. The same ANOPP DoE was used for each CF. The independent parameters and corresponding DoEs are detailed in Tables 
2 and 3, respectively. 
 

Table 2. Variable definitions 
 

Variable	 Acronym	 Units	

Flight	Velocity	 FV	 Knots	

Flap	Deflection	Angle	 FDA	 Degrees	

Landing	Gear	Position	 Gear	 N/A	

	

Table 3. ANOPP DoEs 
 

Case No. FV FDA Gear 
1 220 5 Up 
2 180 10 Up 
3 220 15 Up 
4 200 5 Up 
5 180 5 Up 
6 200 15 Up 
7 180 0 Up 
8 200 0 Up 
9 220 10 Up 
10 180 15 Up 
11 160 15 Up 
12 160 10 Up 
13 160 5 Up 
14 220 0 Up 
15 200 10 Up 
16 160 0 Up 
17 164 0 Up 
18 168 0 Up 
19 172 0 Up 
20 176 0 Up 

Case 
No. FDA FV Gear 
1 30 180 Down 
2 10 140 Down 
3 10 180 Down 
4 20 180 Down 
5 20 160 Down 
T    
6 20 120 Down 
7 40 180 Down 
8 20 140 Down 
9 30 160 Down 
10 40 160 Down 
11 10 160 Down 
12 10 120 Down 
13 30 120 Down 
14 40 120 Down 
15 30 140 Down 
16 40 140 Down 
17 10 124 Down 
18 10 128 Down 



 
 

 

 

21 184 0 Up 
22 188 0 Up 
23 192 0 Up 
24 196 0 Up 
25 204 0 Up 
26 208 0 Up 
27 212 0 Up 
28 216 0 Up 
29 164 5 Up 
30 168 5 Up 
31 172 5 Up 
32 176 5 Up 
33 184 5 Up 
34 188 5 Up 
35 192 5 Up 
36 196 5 Up 
37 204 5 Up 
38 208 5 Up 
39 212 5 Up 
40 216 5 Up 
41 164 10 Up 
42 168 10 Up 
43 172 10 Up 
44 176 10 Up 
45 184 10 Up 
46 188 10 Up 
47 192 10 Up 
48 196 10 Up 
49 204 10 Up 
50 208 10 Up 
51 212 10 Up 
52 216 10 Up 
53 164 15 Up 
54 168 15 Up 
55 172 15 Up 
56 176 15 Up 
57 184 15 Up 
58 188 15 Up 
59 192 15 Up 
60 196 15 Up 
61 204 15 Up 
62 208 15 Up 
63 212 15 Up 
64 216 15 Up 

 

19 10 132 Down 
20 10 136 Down 
21 10 144 Down 
22 10 148 Down 
23 10 152 Down 
24 10 156 Down 
25 10 164 Down 
26 10 168 Down 
27 10 172 Down 
28 10 176 Down 
29 20 124 Down 
30 20 128 Down 
31 20 132 Down 
32 20 136 Down 
33 20 144 Down 
34 20 148 Down 
35 20 152 Down 
36 20 156 Down 
37 20 164 Down 
38 20 168 Down 
39 20 172 Down 
40 20 176 Down 
41 30 124 Down 
42 30 128 Down 
43 30 132 Down 
44 30 136 Down 
45 30 144 Down 
46 30 148 Down 
47 30 152 Down 
48 30 156 Down 
49 30 164 Down 
50 30 168 Down 
51 30 172 Down 
52 30 176 Down 
53 40 124 Down 
54 40 128 Down 
55 40 132 Down 
56 40 136 Down 
57 40 144 Down 
58 40 148 Down 
59 40 152 Down 
60 40 156 Down 
61 40 164 Down 
62 40 168 Down 
63 40 172 Down 
64 40 176 Down 

 

 
Model Fit 
The final phase of the CF modeling process involved creating models within JMP. For a given aircraft class, two models were 
fit: one with gear down and one with gear up. The model was fit to the difference between configuration-specific NPDs and 
the baseline NPD (both coming from the set of ANOPP cases) at the thrust settings corresponding to the approach. With this 
prediction formula, a default NPD could be adjusted to represent different flap, gear, and speed configurations. For analysis 
of the quality of the fit, the ANOPP data were partitioned into two sets: a training set containing 75% of the data and a testing 



 
 

 

 

set containing 25% of the data. The training set was used exclusively to create the model fit, whereas the testing set was 
used exclusively to compare the error between the ANOPP results and the model results. 
 
50pax Model Fit 
The first correction function to be created was the 50pax CF, which would be suitable for aircraft such as the Bombardier 
CRJ series or the Embraer E-Jet series. More broadly, the 50pax CF can be applied to any regional jet whose engine parameters 
fall within the ranges listed in Table 4. 
 

Table 4. 50pax correction function engine parameter ranges 
 

BPR OPR SLS Thrust (lbf) 

4.3–6.3 17–28 7,500–18,500 

 
A graphical depiction of the 26 engines used to generate the correction function is shown in Figure 4. 
 

 
Figure 2. 50pax correction function engine parameters. 

 
Next, the engines identified via the DoE were simulated with EDS, and the results were post-processed for use in ANOPP 
simulations. ANOPP was used to generate the baseline NPD for this aircraft (at a setting of 160 kts, 30° flaps, and gear down) 
and configuration-specific NPDs, with simulations completed at higher speeds and lower flap deflection angles for the gear-
up cases and lower speeds and higher flap deflection angles for the gear-down cases. The configurations used for the gear-
up and gear-down simulations are shown in Figure 3. 



 
 

 

 

 
(a). Gear-Up 

 
(b). Gear-Down 

 
Figure 3. ANOPP design of experiments for gear-up and gear-down configurations. 

 
The resulting NPDs from the ANOPP cases were post-processed and imported into JMP. With this tool, two models were fit 
for approach thrust settings: one with gear up and another with gear down. The models were fit on the difference between 
the configuration-specific NPDs and the baseline NPD as a function of BPR, OPR, SLS thrust, flap deflection angle, gear setting, 
aircraft speed, thrust fraction, and distance. After the two models were created, they were tested by comparison of the 
predicted configuration-specific NPDs from the correction function with the original configuration-specific NPDs from ANOPP. 
The sound exposure level (SEL) error distributions for this comparison are shown in Figure 4. 
 

 
Figure 4. 50pax correction function error distribution. 

 
As shown in Figure 4, the error is clearly centered around 0 dB for both gear-up and gear-down settings. The mean errors 
were 3.1 × 10−4 dB and 0.033 dB for the gear-up and gear-down models, respectively. The standard deviations of the errors 
were 0.24 dB and 0.36 dB for the gear-up and gear-down models, respectively. 
 
To compare the outputs of the 50pax correction factor with a baseline NPD, we plotted a sample comparison (Figure 5), by 
using a notional CRJ-900ER aircraft. In this comparison, two configurations were compared. The first was for the CRJ at a 



 
 

 

 

ground speed of 170 kts, a flap deflection of 15°, and the gear-up setting. The second was for a ground speed of 150 kts, a 
flap deflection of 30°, and the gear-down setting.  
 

  
(a). Gear-Up 

 
(b). Gear-Down 

 
Figure 5. 50-pax sample application. 

 
100- to 210-pax Model Fit 
When determining the simulation cases to use in creating the CF, we found that both the engine parameters and approach 
NPD for the 100-pax model (represented in ANOPP as a 737-700) were close to those of the 150-pax model (represented in 
ANOPP as a 737-800). Therefore, we decided to fit a model for both classes simultaneously. Engine variants for the Boeing 
737-700/800/900 and the Airbus A318/319/320 were obtained from the equipment database in AEDT, and the minimum 
and maximum values were found. The ranges of engine parameters applicable to the 100- to 210-pax CF are shown in Table 
5. 
 

Table 5. 100- to 210-pax correction function engine parameters 
 

BPR  OPR  SLS Thrust (lbf) 

4.43–13.78 19–42 22,000–30,000 
 
The exact parameters of the 26 engines used to create the correction function are shown in Figure 6. 
 



 
 

 

 

 
Figure 6. 100- to 210-pax correction function domain. 

 
Figure 6 shows the sweep of engine parameters that were covered by the 100- to 210-pax correction function Of note, the 
diagonal of Figure 6 depicts the histogram of each variable, showing the ranges covered by this CF. Next, the ANOPP 
simulations were conducted by using the same DoEs as shown in Figure 3. The resulting data were imported into JMP to fit 
the model and analyze its error; the error distributions for the 100- to 210-pax CF are plotted in Figure 7. 
 

 

 
Figure 7. SEL error distributions for the 150-pax correction function. 

 
Again, the error distributions were centered around 0 dB, and the majority of the error was within ±1.5 dB. The mean errors 
were 5.5 × 10−3 dB and 3.7 × 10−3 dB for the gear-up and gear-down models, respectively. The standard deviations of the 
errors were 0.48 dB and 0.33 dB for the gear-up and gear-down models, respectively. 
 
To visually demonstrate the 100- to 210-pax CF, we calculated and plotted two sample applications which are shown in in 
Figure 8. The first application is for a notional Boeing 737-800 at a flight configuration of 20° of flap deflection, ground 
speed of 160 knots, and gear-up setting. The second application was for the same notional 737 at a flight configuration of 
150 knots, 30° of flap deflection, and gear-down setting. 
 



 
 

 

 

 
(a). Gear-Up 

 
(b). Gear-Down 

 
Figure 8. 100- to 210-pax CF sample application. 

 
The plots indicate that, in both cases, the correction function predicts less noise than the baseline NPD for the notional 
aircraft as defined in AEDT. This is, primarily because of the reference condition defined for the correction function ofCF160 
kts ground speed, 30° flap deflection, and gear-down setting. To demonstrate the effect of the correction function on noise 
contours, we performed a sample study using AEDT. This study used a notional Boeing 737-800, and was performed with 
both uncorrected and corrected NPDs in AEDT. The resulting contours are shown in Figure 9. In this plot, the contours 
generated with the corrected NPDs are shown with dashed lines, and the contours generated with the uncorrected NPDs are 
shown with solid lines. Shading indicates the difference in the corrected and uncorrected contours: a negative value (blue 
regions) indicates that the correction function predicts less noise than the default AEDT calculations. Of note, these results 
are preliminary, and several efforts are underway to improve the accuracy of NPD+C corrections. In particular, the region on 
the top left of the plot shows a small red region indicating that the NPD+C corrected case predicts higher noise. However, 
this region is also affected by the reverse thrust during the landing ground roll segment of the arrival operation. Efforts are 
underway to assess the accuracy of the noise prediction during the landing ground roll segment. 
 



 
 

 

 

 
 

Figure 9. 150-pax CF sample application contours. 
 
210-pax Model Fit 
Next, a correction function was created for the 210-pax category, encompassing aircraft such as the Boeing 767 and the 
Airbus A330. The exact ranges of engine parameters applicable to this correction function are shown in Table 6. 
 

Table 6. 210pax correction function engine parameter ranges 
 

BPR OPR SLS Thrust (lbf) 

4.2–9.0 22.8–45.4 48,000–71,100 

 
The parameters of the 26 engines used to create the 210-pax correction factor are shown in Figure 10. 



 
 

 

 

 
Figure 10. 210-pax engine parameters. 

 
Next, the ANOPP simulations were conducted, again with the same configurations shown in Figure 3. After the simulations 
were complete, the data were imported into JMP, and the correction function model fit. The error distributions for this 
correction function are shown in Figure 11. 

 
Figure 11. 210pax correction function error distribution. 

 
For the 210-pax CF, the mean errors were 1.3 × 10−4 dB and 3.6 × 10−3 dB for the gear-up and gear-down models, respectively. 
The standard deviations of the errors were 0.29 dB and 0.35 dB for the gear-up and gear-down models, respectively. 
 
300-pax Model Fit 
The final correction function created was for the 300-pax category, suitable for application to aircraft such as the Boeing 
777 and the Airbus A350. The engine parameter ranges for this model are shown in Table 7. The parameters for the 26 
engines used to create the 300-pax CF are shown in Figure 12. 
 

Table 7. 300pax correction function engine parameter ranges. 
 

BPR OPR SLS Thrust (lbf) 

4.4 - 9.23 25.4 - 48.7 70000 - 115000 



 
 

 

 

 
Figure 12. 300-pax correction function engine parameters. 

 
Next, the ANOPP simulations were initiated, and the resulting data were imported into JMP. The resulting models’ error 
distributions are shown in Figure 13. 
 

 
Figure 13. 300-pax correction function error distribution. 

 
For the 300-pax correction factor, the resulting mean errors were 0.013 and 0.019 for the gear-up and gear-down models, 
respectively. The standard deviations of the errors were 0.42 and 0.54 for the gear-up and gear-down models, respectively. 
One point of interest with the 300-pax correction factor is that its error distribution was wider than that of the previous 
aircraft classes, probably because of two factors. The first is the relatively larger size of the engines in the 300-pax correction 
factor vs. the other correction factors, with the 300-pax correction factor capturing the highest SLS thrust values of any of 
the correction factor s. The second factor is the large space captured by the 300-pax correction factor. To capture as many 
commercial aircraft in the 300-pax category as possible, the DoE was created to be as large as possible, including the largest 
spread of SLS thrusts of any CF. Because of these factors, it is reasonable that the error is constrained to ±2 dB. 
 
Milestone 
Develop correction functions across vehicle classes 
 
 



 
 

 

 

Major Accomplishments 
Correction factors were developed across vehicle classes and compared with real-world noise monitoring data. In addition, 
original equipment manufacturers were engaged to review the approach used. Finally, draft scoping and requirement 
implementation plans were created and provided to the AEDT development team. 
 
Plans for Next Period 

• Continue engagement of the manufacturers to obtain “fit for purpose” application of the correction function within 
AEDT 

• Compare noise contours against “truth data” in the form of real-world noise observations for aircraft of the same 
class 

• Finalize implementation plan to AEDT 
• Complete an airport-level study to determine the impact on the DNL contours 

 
Publications 
None 
 
Outreach Efforts 
A21 
Manufacturers 
 
Awards 
None 
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