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2. LN#1 and #2 are updated. Please reload them.
3. HW
o HWO02 will be assigned soon. Due will be next Tuesday. For details, check the PLMS class homepage.
» Upper- and lower-case Greek letters
4. Zo| At=
o Handouts and annotated pdfs are downloadable from the non-PLMS class homepage at
http://cisl.postech.ac.kr/class/eece233/schedule.html .
o Recorded CMs are available from cisl.postech YouTube channel. Please place clickable time stamps.
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This bulletin board informs university members of official departmental (team) news
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*This announcement only applies to undergraduate students. Please note that this announcement will be offered only Korean.
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8. Review
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Overview (The numbers are the chapter numbers of the textbook)
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. Signals and Systems

. Linear Time-Invariant Systems

. Fourier Series Representation of Periodic Signals

. Continuous-time Fourier Transform

. Discrete-time Fourier Transform

. Time and Frequency Characterization of Signals and Systems
. Laplace Transform

10. Z-transform

7.
8.

U

Sampling
Communication Systems

Frredomain is a set of every admissible input signal.

= 0-D: a scalar S@w&ff; ‘Sl(x)

= 1-D: a vector
= 2-D: a matrix ’I\ /[\
3-D: a tensor a MM

1-D: a sequence of scalars-> a discrete-parameter signal -> a discrete-time (DT) signal
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» 1-D: a waveform or a function -> a continuous-parameter signal -> a continuous-time (CT) signals
» 1-D or 2-D: a sequence of Mx1 vectors

» 1-D or 3-D: a sequence of MxN matrices R

= n-D: field VY\C{VHj[;lcé

= polynomial (B
o Theange is the set that includes the set of possible output signals.

o Any set can be a domain.
- Among every possible pari of a domain and a range, we mainly consider in this course 4 combinations:
: a CT signal goes in and a CT signal comes out
. a DT signal goes in and a DT signal comes out

W CT signal goes in and a DT signal comes out
DT signal goes in and a CT signal comes out




/ EECE233 Signals and Systems \

Lecture Note #1

Prof. Joon Ho Cho
(Slides thanks to Qing Hu*, D. Boning, D. Freeman, T.
Weiss, J. White, and A. Willsky)

1) Administrative details —

2) Signals o 5‘1
* These lecture notes are based on the lecture notes used in 6.003 taught by
Prof. Qing Hu at M.I.T. These notes are adopted for EECE233 under the

permission of Prof. Qing Hu.

/ Signals and Systems \

EECE233 is about using mathematical techniques to help
analyze and synthesize systems which process signals.

*  Signals are variables that carry information.
e Systems process input signals to produce output

signals.

Today: Signals, next lecture: Systems.

/




Examples of signals

-~

~

Electrical signals --- voltages and currents in a circuit

Acoustic signals --- audio or speech signals (analog or
digital)

Video signals --- intensity variations in an image (e.g. a
CAT scan)

Biological signals --- sequence of bases in a gene

\In EECE233, we will treat noise as unwanted signals

/

Time is often the independent variable. Example: the
electrical activity of the heart recorded with chest
electrodes — the electrocardiogram (ECG or EKG).

Type of Independent Variable

Electro Cardio Gram
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The variables can also be spatial \ K
E’L

Eg. Cervical MRI
Rx®K

In this example, the
signal is the intensity as
a function of the spatial
variables x and y.

* cervical: 52|

* The left signal can be modeled as, e.g.,

x: {1,2,...,800}x{1,2,...,600} -> [0,1]

Since the domain is 2-D, this signal is a 2-D signal.
-

/ Independent Variable Dimensionality \

An independent variable can be 1-D (7 in the EKG) or 2-D
(x, y in an image).

1

n—

-0.5

ECG amplitude (mV)

10 12 14 16 18 20
Time (secs)

In EECE233, focus on 1-D for mathematical simplicity but the results can be

extended to 2-D or even higher dimensions. Also, we will use a generic
time 7 for the independent variable,whether it is time or space.
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e / Continuous-time (CT) Signals \

(V) - 1
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*  Most of the signals in the physical world are well
modeled by CT signals, where the time scale is
infinitesimally fine, so are the spatial scales. E.g. voltage
& current, pressure, temperature, velocity, etc.
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Discrete-time (DT) Signals ———+—+—t——n
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e x[n], n— integer, time varies discretely

x[n]

)

} x[-1] x[1]x[2]
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e Examples of DT signals in nature:
— DNA base sequence
— Population of the nth generation of certain species

\Notation in EECE233: x(t) —CT, x[n] y
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Many human-made Signals are DT
Ex.#1 Weekly Dow-Jones

i

Jan. 5,1929
Ex#3. ticking clock

Ex.#2 digital image

350
300,
250

150
100
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DT? — Can be processed by modern digital computers
and digital signal processors (DSPs).

9

Mandrill Example
Unblurred Image & No Noise
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a scalar: a 0-D signal because x: {1}->R

a vector: a 1-D signal because x:{1,...,300} ->R

a matrix: a 2-D signal because x: {1,...,M}x{1,...,N} ->R
a 60 FPS BW video of 600x300 pixels

0o o o o

¢ 3 (2-D matrix-valued) 1-D signal X[n] because x: Z-> a set of 1-bit
600x300 BW images

¢ a(scalar-valued) 3-D signal X_n[k,l] because x: Zx {1,...,300}

x{1,...,600}-> {0,1}
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Clock L pooo
Data :X:X: '
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_ A received digital signal may be &7
Q x impaired by noise and distortions
without necessarily affecting the
& digits

Clocking digital signals through a
clocked flip-flop
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Signals with symmetry

Periodic signals

~

x(t) = x(t + T) for all t. el B s

()
@t

2t VT
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* Ex. 60-Hz power Iine, computer clock, etc.
DT x[n] = x[n + N] for all n.

DD n

o verdl postive
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Def. A CT signal x(t) is periodic, if there exists T>0 s. t{ x(t) = x(t+T), for all q
Lemma. If periodic, then there exists T>0 s.t! X(t) = x(tTnT)] for all_t and all integer n.

telosT

Def. For a periodic signal, the smallest period is called the fundamental period, if exists.
Lemma. For a periodic signal with fundamental period T_0, any period is an integer multiple of T_0.

/ Signals with symmetry (continued) \

* Even and odd signals
Even x(f) = x(-1) or
x(t)

x[n] = x[-n]

t

0Odd x(t)=-x(-t) or
x(t)

AN
A4

14

x[n] = -x[-n]

The zero function is
even and odd at the
same time.

——

definition, existence, uniqueness; a, an, the
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