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Course Goal

* Provide a basic knowledge of time series
analysis

« Understand basic time series concepts and
terminology

* Apply the time series analysis to analysis and
solve geophysical signal problems



SIGNAL

® What is Signal??

A “signal” describes how some physical quantity varies over
time and/or space.

Waves in time and space @

These two waveforms look the same, but they each give
different information about the wave they represent.
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* Signal:

A signal is defined as a function of one or more variables which conveys
information on the nature of a physical phenomenon. The value of the function
can be a real valued scalar quantity, a complex valued quantity, or perhaps a
vector.

e System:

A system is defined as an entity that manipulates one or more signals to
accomplish a function, thereby yielding new signals.



» Continuos-Time Signal:

A signal x(t) is said to be a continuous time signal if it is defined for all time t.

 Discrete-Time Signal:

A discrete time signal x[nT] has values specified only at discrete points in time.

« Signal Processing:

Manipulating a signal to change its characteristics or extract information from it.
SIGNAL PROCESSING is the analysis, interpretation and manipulation of like
sound, images, time-varying measurement values and sensor data.



Basic Elements of Signal Processing System

@ Types of signal processing:

1.
2.

Analog signal processing
Digital signal processing

Analog input Analog output
signal signal
Analog Signal Processing
Analog Analog

Digital Signal Processing



Analog and Discrete Signals

* Analog signals ) continuous
signals

f(x) = F (k)e ™*dx
F (k) = f (x)e"dx
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* Discrete signals =====)  sampled signals
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Over Analogue Signal

LA digital programmable system allows flexibility in reconfiguring the DSP
operations simply by changing the program. Reconfiguration of an analogue
system usually implies a redesign of hardware, testing and verification that it

operates properly.

LIDSP provides better control of accuracy requirements.

CDigital signals are easily stored on magnetic media (tape or disk).

UThe DSP allows for the implementation of more sophisticated signal processing
algorithms.

UIn some cases a digital implementation of the signal processing system is
cheaper than its analogue counterpart.



DSP Applications

— Space

— Medical

—> Commercial

— Telephone

Space photograph enhancement
Data compression
Intelligent sensory analysis

Diagnostic imaging (MRI, CT,
ultrasound, etc.)
Electrocardiogram analysis
Medical image storage and retrieval

Image and sound compression for
multimedia presentation.

Movie special effects

Video conference calling

Video and data compression
echo reduction

signal multiplexing
filtering




DSP Applications

— Military

— Industrial

_» Scientific

Radar

Sonar

Ordnance Guidance
Secure communication

Oil and mineral prospecting
Process monitoring and control
Non-destructive testing

Earth recordings and analyses
Data acquisition

Spectral Analysis

Simulation and Modeling
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Classification Signals

Deterministic Signals

A deterministic signal behaves in a fixed known way with respect to time.
Thus, it can be modeled by a known function of time t for continuous time
signals, or a known function of a sampler number (n), and sampling
spacing (At) for discrete time signals.

Random or Stochastic Signals:

In many practical situations, there are signals that either cannot be
described to any reasonable degree of accuracy by explicit mathematical
formulas, or such a description is too complicated to be of any practical
use. The lack of such a relationship implies that such signals evolve in time
in an unpredictable manner. \We refer to these signals as random.
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Basic Vocabulary

« Random signals:

Difficult to define when they commence

and finish. They may contain all
frequencies. A spectrum with constant
contribution of all frequencies is called a
white spectrum.

* Transient Signals:

Limited in time (or space) in comparison
with a harmonic wave form that is infinite
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Periodic Signals

Periodic

-
Signals
E
E
Conceptofperiodic signal 3
*  The same signal pattern repeats over g
time.
*  Otherwise, a signal is aperiodic.
Sine Wave: represented by three parameters,
s(t)=Asin(2 r ft+¢)
*  Peak Amplitude (A)
— maximum strength of signal
— measured in volts
*  Frequency (f) _
— Rateof change of signal =
— Hertz(Hz) or cycles persecond E
— Period = time for onerepetition (T) E
o elf =
E
-

*  Phase (¢)
— Relative positionin time within a single
period ofasignal

Figure (a) displays the value of a signal at a
given point in space as a function of time.
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(b) Square wave



Basic Vocabulary

* Non-Periodic Signal:

Is the signal that defined over a finite interval of space or time and vanishes outside that interval.

 Periodic Signal:

Is the signal that repeats itself indefinitely with time or space. Mathematically, this is stated as:
f(x) = f(x = T) , T is called the period of the signal. We will have more about period later.
T=2nm/a

For combined function such as f(t)=cos(a,(t+T))+cos(a,(t+T)), T=2mm/a,=2znn/a,, then
a,/a,=m/n, m and n are integer numbers

These relations are very useful to examine the periodicity of any function
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Basic Vocabulary

* Period and Wave

Length (T &}\/): ) Wavelength
Amplitude | 2"
%i;u&i;?:" L jWM_ - —!; Undisturbed
If the signal is a function of time (ms, et
sec, hours, etc.) then the signal is Length
characterized by PERIOD, which is Period
the interval of time between tow Amplzude. [ | o
identically located points on the signal. Arasiak B Wy Ak Wb o
lecation \_
Time

On the other hand, if the signal is
measured against distance (cm, m, km,
etc.), then the signals is identified by

v speed (m.s™Y)
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f : frequency (Hz or s~




Basic Vocabulary

* Cycle:

Two identically located points on a periodic signal define one cycle of the signal.

Note a cycle is neither a primary physical units nor does it have one. It is only a
descriptive term.

< —————
One cycle
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Basic VVocabulary

* Frequency:
Is the number of repetitions cycles of a periodic signal per unit time or distance.
Comparing the two figures (a and b) to the right, you will notice that in the first the
signal makes one cycle per unit measure, whereas in the second the signal executes
two cycles in the same length of time/space unit. Hence, the former signal (a) has a
frequency of 4 cycles/sec and the latter (b) has a frequency of 14 cycles/sec. Figure ¢

shows the characteristics of frequency contents.
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Basic VVocabulary

 Phase:

The phase of a signal refers to a sinusoidal function
such as the following:

r(t) = A - cos(2mft + )
y(t) = A-sin(2nft + @) = A - cos (?:'Tff. +p — %)

where A, f, and ¢ are constant parameters called the
amplitude, frequency, and phase of the sinusoid.



Basic Vocabulary

* Phase shift:

IS any change that occurs in the phase of one quantity, or in the phase difference
between two or more quantities
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