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Project Goal 

● Three Key Projects
○ Trivial case: time and flight path angle
○ Nontrivial case: time and flight path 

angle
○ Quadcopter noise reduction

● Reducing noise by using derivatives of integrated flight equations
● When snap vectors are close to or equal to 0, goal is achieved in order to reduce 

aircraft noise 
● The noise taken care of is a byproduct of interrupting air flow.
● Snap (4th derivatives) vector is vibration. 
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Figure 1. Equations to describe the velocity of a 
flight altitudes, height, flight path angle and the 
yaw angle

Figure 1. Azimov, D. M. (2011). Example 
of the Integration of Atmospheric Flight 
Equations. Journal of Aircraft, 48(5), 
1722-1732.



Methodology
● The biggest assumption is that the flight-path angle increases 1 degree per 1 

second. Therefore, the domain for flight-path angle is 0 to 90. 
● Assumed that roll angle, the heading angle, the difference between thrust and 

drag, and the lift and thrust acceleration constant. 
● Ψ (flight path angle), h (altitude), x (horizontal axis) are the main 3 

considerations.

3Figure 2. Flight Angle Model

Azimov, D. M. (2011). Example of 
the Integration of Atmospheric 
Flight Equations. Journal of 
Aircraft, 48(5), 1722-1732.



Method

Figure 3. Calculate Derivatives (right), Plot the results into the 3D graph (left) 4



Data Analysis - Flow of Vibration

Figure 4-6. Flow of vibration in a 

cobra maneuver from different sides. 

Each axis represents the magnitude of 

acceleration, jerk, and snap.
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Figure 7. A 3D model of the flow of the vibration of an aircraft’s noise

Data Analysis - Flow of Vibration, cont.
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Figure 8-10. Flow of  vibration in an 

artificial situation from different angles. 

Each axis represents the magnitude of 

acceleration, jerk, and snap where the flight 

path angle increases by 1 degree in each 

second.

Data Analysis- Flow of Vibration, 
cont.
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Figure 11. The magnitude of the snap 

vector vs time in a cobra maneuver. 

Figure 12. Scatter plot of the relationship 

of snap vs jerk vs acceleration.

Data Analysis - Snap Vector
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Figure 13-14. Scatter plot of the derivatives in an assumed situation from various sides.

Data Analysis - Snap Vector, cont.
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Figure 15. Magnitude of the snap vector vs. time 

Data Analysis - Snap Vector, cont.
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Trivial Case: Time and Flight Path Angle Increase - Same Rate
● Assume increase 1 degree for flight path angle for every second
● At 0 sec and 90 sec, the vibration is the least. 
● Maintaining parallel or perpendicular trajectory will emit zero vibration, noise.
● Noise is loud at t = 35~55 sec
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Figure 16. Increase and 
decrease of the snap vector



Figure 17. The derivatives showing the snap vector for the x-axis
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Nontrivial Case: Time and Flight Path Angle
● Add the actual time increments
● At 0~20 sec, vibration vector is in its lowest. 
● At 90 sec, vibration gets low.  
● Noise is loud at t = 70~80 sec
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Figure 18. The actual time 
increments and it’s snap vector 
vs. time



Quadcopter Noise Studies - Motor Rates
● Approximate the change in motor 

rates gamma using slope
○ Using formulas solving for γi

● m mass
● g gravity
● b drag coefficient in z axis, tau_z
● k motor thrust coefficient
● L length
● I moment of inertia
● e error
● ፀ pitch
● Ф roll

Quadcopter Dynamics, Simulation, and 

Control by Andrew Gibiansky

Figure 19. Formulas solving for angular 
velocity^2
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Quadcopter Snap vector - Motors

Figure 20. Derivatives 15
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Figure 21. Snap vector vs. time of a motor for a quadcopter
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Figure 22. Snap vector vs. time of a motor for a quadcopter
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Figure 23. Snap vector vs. time of a motor for a quadcopter
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Figure 24. Snap vector vs. time of a motor for a quadcopter



Conclusion

➢ When flight-path angle is gamma = 14 ~ 78 degrees, noise is relatively reduced
➢ Aircraft noise is reduced when time is at t = 0 sec and t = 90 sec
➢ Although the velocity vector at t = 0 and t = 90 is different, they both had low 

vibration vectors 

➢ Since its assumed that t = gamma (flight path angle), it means that when plane is 
parallel or perpendicular to horizontal line of land, vibration is in its lowest.

➢ Five points should be avoided

○ Exceptional points on the scatter plots
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Future Study
➢ Apply research to real life situations 
➢ Compare observation to research

○ Quadcopter
○ Aircraft 

➢ What affects vibration? 
○ Because the domain for loudest noise does not overlap 

unlike the lowest noise domain
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Second Derivative: 

acceleration

Third Derivative: 

jerk

Fourth Derivative: 

snap, vibration
Figure 25. Derivatives
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Questions?

Thank You!
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