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Consider Sound Filtering…



Introduction to Trigonometric Polynomial



Introduction to Trigonometric Polynomial

The basis of this trigonometric polynomial is {1, cos x, sin x, cos 2x, sin 2x, …, 
cos nx, sin nx}





Introduction to Trigonometric Interpolation
The double prime in the summation sign 
means that the first and last terms (k = −N/2 
and k = N/2) have a factor of 1/2.

Note that the interpolation nodes are 
equi-spaced points in [0, 2π]. One can 
accommodate any other period by doing 
a simple scaling. 

It is important to note that the DFT 
coefficients for k = N/2, . . . , N − 1 
correspond to those for k = −N/2, . . . , −1 
of the interpolating trigonometric 
polynomial sN/2.

This set of coefficient is DFT:



Dive into DFT
The discrete Fourier transform 
(DFT) algorithm transforms 
samples of signals from the time 
domain into the frequency domain. 
The DFT is widely used in the fields 
of spectral analysis, applied 
mechanics, acoustics, medical 
imaging, numerical analysis, 
instrumentation, and 
telecommunications.



Why is FFT 
called the "Fast" 

algorithm
DFT: O(N2)

FFT: O(N log2 N)



FFT (Fast Fourier Transform)
Formula for DFT: Operation: O(n2)



FFT 
Let N = 2n,

Size = N/2 Size = N/2



FFT
Do the previous operations recursively, we can keep dividing the size of the 
DFT in half, until the size is equal to 1. At that point, we don’t need to do 
multiplication.

Operation: O(N log2 N)



Why is FFT faster than DFT
DFT: O(N2) FFT: O(N log2 N)



Back to 
Trigonometric 
Interpolation

（再强调下dft fft和interpolation的
关系



Visualization



Visualization - Non-periodic Function - n=4



Visualization - Non-periodic Function - n=10



Visualization - Non-periodic Function - n=20



Visualization - Periodic Function

n = 4 n = 10



Comparison with Polynomial Interpolation

Aspect Trigonometric Interpolation Polynomial Interpolation

Approach Uses sine and cosine functions to approximate 
data.

Uses polynomial functions of varying 
degrees for approximation.

Suited For Periodic or oscillatory data. Non-periodic, scattered data or when a 
simple curve fit is needed.

Strengths Produces smooth, wave-like curves that repeat 
over intervals.

Versatile for many general interpolation 
tasks. Can flexibly fit different data 
shapes.

LImitations Not well-suited for non-periodic data. May suffer 
from Gibbs phenomenon near discontinuities.

High-degree polynomials can lead to 
overfitting and erratic behavior, 
particularly at data edges (Runge's 
phenomenon). Not inherently suited for 
periodic data.





Take-away Message

Trigonometric Interpolation

● Ideal for periodic data
○ providing smooth and 

continuous representations. 
● It visualizes cyclical trends 

effectively but may not be suitable 
for all types of data.

Polynomial Interpolation

● Offers a flexible approach for 
various data types but requires 
careful selection of the 
polynomial degree. 

● It's not inherently suited for cyclic 
patterns but is excellent for 
general curve fitting.



● Audio Filtering
● Digital Image 

Processing
● Modern Mobile 

Communications

DFT and FFT play a pivotal role in 
the computation of interpolation 
coefficients, showcasing their utility 
in theoretical applications. Also in a 
myriad of practical real-life 
scenarios, FFT is helpful.

Application 



Application in Audio Filtering
● remove unwanted noise from a signal
● it is possible to identify and isolate the noise components 

○ And then selectively filter them out before converting the signal back 
to the time domain.

● This is a common technique used in audio restoration, signal analysis, and 
other digital signal processing tasks.



Filtering the noisy 
signal with a 
narrow band filter 
from 48 to 52 Hz, 
gives us a 
"cleaned" signal.





Application in Digital Image Processing
● Frequency Domain Conversion

○ 2nd image: the bright center represents low-frequency information, 
and the edges represent high-frequency information

● Data Compression and Noise Reduction
● Information Recovery

○ Through the inverse FFT (the third image), the image can be 
transformed back from the frequency domain to the spatial domain, 
thus recovering the original image.



Application in Modern Mobile Communications
● Driving Efficiency in 4G and 5G Networks
● Role in 4G LTE

○ Essential for OFDM (Orthogonal Frequency Division Multiplexing).
○ Splits one high-speed data channel into multiple slower subchannels.
○ Reduces interference and improves signal quality.



Application in Modern Mobile Communications
● Enhancements in 5G

○ Supports OFDMA (Orthogonal Frequency Division Multiple Access).
○ Enables flexible and efficient use of wider frequency bands. 
○ Facilitates high-speed data rates and low-latency communications.



Thank you for 
listening! 
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