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What is this talk about?
It is about Digital Signal Processing (DSP):  the technology of performing 

operations on digital signals (signals represented as 1s and 0s).

DSP is used everywhere
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Something Interesting

Many of the DSP algorithms are based on a 

very simple operation:

y[n] =

MX

k= N

ckxn [k]

Multiplications

Accumulate  the 

multiplications

A simple algorithm with many usesé
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Fourier Series
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Periodic signals can be expressed as a sum of products  

between weighting coefficients and sinusoids
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Fourier Series
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Instead of sinusoids,  we use the more general expression 

of complex exponentials: )sin()cos( tjte tj www +=

We still use the same idea: periodic signals can be 

expressed as a sum of products  between weighting 

coefficients and  complex exponentials:
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Fourier Series

Each term of the sum multiplies a coefficient with a 

complex exponential function: 

Each complex exponentials function has a different frequency:

Two different complex exponential functions are orthogonal.

This gives rise to the idea of ñspectrumò.
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(Representation) of x(t)

(our reference algorithm) 

Coefficients (weights) are complex numbers

k! 0

y[n] =

MX

k= N

ckxn [k]
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Spectrum

Spectrum: term originally used in the 

17th century to describe the 

decomposition of white light into its 

colors (frequencies).

White light is made from the 

composition of monochrome light.

Signals can be decomposed into separable (orthogonal,  

independent) components determined by complex 

exponentials (sinusoids) of different frequencies. The 

result is the ñspectrumò of the signal.

Signals are made from the composition of sinusoids.
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Discrete Fourier Transform (DFT)

X̂ [k] =
1

N

N ¡ 1X

n= 0

x [n]e¡ j k­ on ; k = 0; : : : ; N ¡ 1

(our reference algorithm) 

Same ideas can be extended to a digital signal x [n]

y[n] =

MX

k= N

ckxn [k]
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DFT Application: OFDM

Data
IDFT

Network
DFT

Data

X̂ [k] =
1

N

N ¡ 1X

n= 0

x [n]e¡ j 2¼kn=N

k = 0; : : : ; N ¡ 1

x [n] =

N ¡ 1X

k= 0

X̂ [k]ej 2¼kn=N

n = 0; : : : ; N ¡ 1

(our reference algorithm) y[n] =

MX

k= N

ckxn [k]

Each bit is sent through a separable (orthogonal) signal. 

Reverse operation at receiver extracts each bit by exploiting signal 

orthogonality.
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DFT Application: OFDM
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MX

k= N

ckxn [k]

Applications:

DSL

4G Phones

WiFi


