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Course Outline
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1. Fast Fourier Transform
2. Implementation of Discrete-Time Systems
3. Filters
4. Analog-to-Digital Conversion
5. MATLAB



FFTFFT

❖ A fast Fourier transform (FFT) is an algorithm that computes

the Discrete Fourier Transform (DFT) of a sequence, or its

inverse (IDFT).

❖ A Fourier transform converts a signal from its original domain

(often time or space) to a representation in the frequency

domain and vice versa.

❖ The DFT is obtained by decomposing a sequence of values

into components of different frequencies.

❖ This operation is useful in many fields.
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x(n)={ 1, 2, 3, 4} N=4

x(n)={ 1, 3, 6, 7, 9, 17} N=6

In FFT N = 2𝑥

𝑤ℎ𝑒𝑟𝑒 𝑥 𝑖𝑠 𝑖𝑛𝑡𝑒𝑔𝑒𝑟

Sequence Length (N) 
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FFTFFT
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FFT EquationFFT Equation
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Example 
Decimation

Example 
Decimation
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FunctionsFunctions
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An eight-point decimation-in-time FFT algorithm after the first decimationAn eight-point decimation-in-time FFT algorithm after the first decimation
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Decimation of the four-point DFT into two two-point DFTs in the decimation-

in-time FFT.

Decimation of the four-point DFT into two two-point DFTs in the decimation-

in-time FFT.
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Decimation of the four-point DFT into two two-point DFTs in the 

decimation-in-time FFT.



Simplified Butterfly StructureSimplified Butterfly Structure
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Eight-point radix-2 decimation-in-time FFT
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Eight-point radix-2 decimation-in-time FFT
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Complex Multiplication in Direct Method (D) = 𝑁2

Complex Multiplication in FFT = 
𝑁

2
log2𝑁

Speed Improvement Factor (S) = 
𝐷

𝐹𝐹𝑇

Calculation of Speed Improvement Factor (S)

N = 2𝑥
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If x=6, what is the Speed improvement factor?

FFT = 
𝑁

2
log2𝑁 =

64

2
log2 64

= 32 ∗ log2 2
6 = 32 ∗ 6 = 192

∴ s =
𝐷

𝐹𝐹𝑇

=
4096

192
= 21.3

Example

N = 2𝑥 = 26 = 64

Solution

D = 𝑁2= 642 = 4096
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HomeworkHomework

Q1:Decimate the time 

signal by 2

Q1:Decimate the time 

signal by 2
x(n)2
1

-1
-2

-1

n

1 1
2

Q2:Construct a 16-point 

decimation-in-time FFT 

algorithm

Q2:Construct a 16-point 

decimation-in-time FFT 

algorithm

Q3:Calculate the speed improvement Factor if x=9Q3:Calculate the speed improvement Factor if x=9
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