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Definition of signal and some 
examples

General definition: anything that carries information
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Sequence of images over time, 
example: 4D tensor 500x480x640x3 
representing 500 frames X[n]

Monochromatic 
images are 2D 
signals, information 
are the pixel values, 
there is no time 
evolution, example: 
3D matrix (tensor) 
480x640x3 (RGB 
color) X

Multichannel ECG:
Multivariate signal, 
information are 
amplitudes, example: 
6 channels, with 
amplitudes in vector of 
dimension 6  x(t)

Imag
e

Vide
o

Electrocardiogram 
(ECG)
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Example of 
modern digital 
signal 
processing: 
decode brain 
signals
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[Moses, 2019] https://www.nature.com/articles/s41467-019-10994-4

Electrocorticography (ECoG) vs 
electroencephalography (EEG)

https://www.nature.com/articles/s41467-019-10994-4
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Real-valued 1D time-domain 
signals

For concreteness:
Single dimension
Information is real 
numberTime: continuous or 

discrete?
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Analog versus digital signals
Digital signal: discrete in both time and 
amplitude
Analog signal: continuous in both (no 
restrictions)x(t) 

analog
xq[n] 
digital

Amplitude 
quantized 
to 10 
values in
{-3, -4, ..., 
5, 6}
that could 
be 
represente
d with 4 
bits
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Four signal categories and 
notation

When doing math, we will 
be using discrete-time 
signals instead of digital 
signals
 The reason is that 
“quantization” is a non-
linear operation that 
complicates incorporating, 
e.g., Fourier transforms and 
other operations

Discrete-time 
signal

Table 1.1
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Beware: ambiguous notation!
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The same notation x[n] is used for both 
the whole sequence and for a specific 
sample at time nSingle sample

Single sample

Whole 
sequence

Notation: x[n0] (sample at time n0) or x[n] (sample 
or sequence?)
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Notation (Our interpretation to its ambiguity)
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We use n0 
or t0 to 
denote a 
specific 
time 
instant

x[n0] is a sample at the given time n0, but 
we do not assume we can identify this time 
instant. Example: when x[3] = -2, we 
interpret x[3] as the number -2. We do not 
know that -2 is associated with n0=3.

Notation x[n0]  there is no time 
information

Same 
interpretation 
applies to x(t0)
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Convention: assume signal x(t) 
was obtained over a resistor 
with resistance = 1 W

Advantage: we can get additional insight when 
interpreting results and expressions using units such 
as Watts

In DSP, we often assume R = 
1 W, such that the 
instantaneous power is

p(t) = x2(t)
and we do not worry if x(t) is 
in volt or ampere

Remind simple circuit in which power is P = V2/R 
= I2 R Watts.
If R = 1 W, then: P = V2 = I2

Obs: If the resistance is not 1 
W, one can use “impedance 
scaling”



Aldebaro Klautau 10

Analog-to-digital chip (ADC)
Digital-to-analog chip (DAC)

ADC

Main parameters: sampling 
frequency Fs and number b 
of bits

Single sample

Parallel interface

Serial interface

Unit of sampling frequency 
Fs is Hertz (Hz) or, 
equivalently, samples per 
second (sps)

Example: ADC chip with 
Fs=100 Msps and b=8 
bits/sample generates a signal 
with rate R = Fs b = 800 Mbps
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Quiz 1

- How do we draw the graph of the 
discrete-time signal x[n]?
- How many non-zero samples 
does x[n] have in this case?

Continuous-
time
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Quiz 2
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a) Idealized pulse train
b) Practical 
pulse train 
(from 
oscilloscope)
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Quiz 3
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Quiz 4

https://en.wikipedia.org/wiki/List_of_interface_bit_rates

https://en.wikipedia.org/wiki/List_of_interface_bit_rates
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Quiz 4 (continuation)

http://www.signatec.com/

http://www.signatec.com/
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Quiz 5

https://www.maximintegrated.com/en/products/analog/data-converters/analog-to-digital-converters/high-speed-adcs.html
Check, for instance:

https://www.maximintegrated.com/en/products/analog/data-converters/analog-to-digital-converters/high-speed-adcs.html
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