Multimedia Information Representation
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Plain Text, formatted Text towiadl ¢ uiall (il © Text

color, 4 slall agu i g Jail ALl g Al ) puall g 4 glall ) pall Images
black& white photos, maps, paintings

2d/3d JSiYl y Slawia ¢il) s iS5 2 00 )1l ;- Graphics Objects

(drawings, sketches, illustrations, 2D,3D Objects)

moving 4S yaidll dslyl) Wikl ) sall Animation sequences

images or graphic objects. Usually independently generated
5238 Jaeay 00 Bale dua gy Glaa) (i a3 ) geall (e dluli 7 Video

sequence of images showing a record of real life event

usually produced by a video recorder

speech and non-speech audio, & sall § & sall § 2SI Audio:

music
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 Transducer

- A device transforms energy to a different form
(e.g., electrical energy)
« Microphone
- placed in sound field and responds sound wave
by producing electronic energy or signal
e Speaker

— transforms electrical energy to sound waves



* Pressure changes can be periodic or aperiodic

/—' SIn wave

« Periodic vibrations
—cycle - time for compression/rarefaction
—cycles/second - frequency measured in hertz (Hz)
—period - time for cycle to occur (1/frequency)

amplitude

« Human perception frequency ranges of audio [20, 20kHz]



Amplitude

ol »
Wavelengtn

m Frequency is the number of cycles per second and is
measured in Hertz (Hz)

m Wavelength is inversely proportional to frequency

I.e. Wavelength varies as f;
requency
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The general form of the sine wave we shall use (quite a lot of)
is as follows:

y = Asin(2m.n.F,, /F)

where:

A is the amplitude of the wave,
F., is the frequency of the wave,
F. is the sample frequency,

n is the sample index.



z(x) = a*sin( x*@+ ¢ )
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A sound source Is transferring energy into a medium in the
form of sound waves (acoustical energy)

Sound volume related to pressure amplitude:
- sound pressure level (SPL)

SPL is measured in decibels based on ratios and logarithms
because of the extremely wide range of sound pressure that
is audible to humans (from one trillionth=10-'2 of an acoustic
watt to one acoustic watt).

— SPL =10 log (pressurelreference) decibels (dB)
— where reference is 2*10 dyne/cm?

— 0 dB SPL - no sound heard (hearing threshold)
— 35 dB SPL - quiet home

— 70 dB SPL - noisy street

—110 dB SPL - thunder

—120 dB SPL - discomfort (threshold of pain)



When referring to measurements of power or intensity, we express these
in decibels (dB):

X
Xag = 10log;q (E)
where:

m X is the actual value of the quantity being measured,
m X is a specified or implied reference level,

m Xgyg is the quantity expressed in units of decibels, relative to Xj.
m X and Xy must have the same dimensions — they must measure

the same type of quantity in the the same units.
m [ he reference level itself is always at 0 dB — as shown by setting

X = Xp (note: logyp(1) = 0).



m When there is a large range in frequency or magnitude,
logarithm units often used.

m If X is greater than X then Xyg is positive (Power
Increase)

m If X is less than Xy then Xyg is negative (Power
decrease).

m Power Magnitude = | X(/)|?| so (with respect to reference
level)

Xag = 10log,o(|X(i)?])
20 |U€1ﬂ(|X(‘FJ|)

which is an expression of dB we often come across.



Decibels are used to express wide dynamic ranges in a many applications:
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TYPES OF PEPPERS
Pure Capsaician

SCOVILLE HEAT UNITS
72dB

63dB-67dB U.S. Grade Pepper Spray
60 dB Bhaut Jolokia
58 dB Red Savina
S3dB-55dB Habanero
S0dB-54dB Chiltepin
45dB-47dB Cayenne
42dB-45dB Arbol
41dB-454d8 Manzano
39dB-444dB Serrano
37dB-39dB Yellow Hot
35dB-39dB Jalepefio Pepper
34dB-36dB Guajillo
32dB-34dB Chilaca
30dB-34dB Pasilla
30dB -33dB Pablano
27dB-33dB Anaheim
27dR - 32d4R Chile Verde
274dB - 30dB Yellow Genetics
27dB-29dB Red Chile

m dB is commonly used to quantify sound levels relative to
some 0 dB reference.

m [ he reference level is typically set at the
threshold of human perception

m Human ear is capable of detecting a very large range of
sound pressures.



Threshold of Pain

The ratio of sound pressure that causes permanent damage
from short exposure to the limit that (undamaged) ears can
hear is above a million:

m [he ratio of the maximum power to the minimum power
is above one (short scale) trillion (10'?).

m [he log of a trillion is 12, so this ratio represents a

difference of 120 dB.
m 120 dB is the quoted Threshold of Pain for Humans.



Signal-to-noise ratio is a term for the power ratio between a
signal (meaningful information) and the background noise:

Pognat  (Asignat |~
SNR — signal _ signa
P noise ( Anoise )

where P is average power and A is RMS amplitude.

m Both signal and noise power (or amplitude) must be
measured at the same or equivalent points in a system,
and within the same system bandwidth.

Because many signals have a very wide dynamic range, SNRs
are usually expressed in terms of the logarithmic decibel scale:

Psf na Asf na
SNRyg = 10logy, (Pg ’) = 20log,, (A g ’)




« Sound is typically a combination of waves

— Sine wave is fundamental frequency

— Other waves added to it to create richer sounds
dirvected sound

‘ \, early reflections. reverberation
(50-80 msec)

amplitude
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The Frequency Domain

The Frequency domain can be obtained through the
transformation, via Fourier Transform (FT), from

m one Temporal (Time) or Spatial domain

to the other

m Frequency Domain

m We do not think in terms of signal or pixel intensities
but rather underlying sinusoidal waveforms of varying

frequency, amplitude and phase. m Essential tool for Engineers, Physicists,

Mathematicians and Computer Scientists

m Fundamental tool for Digital Signal
Processing and Image Processing

m Many types of Frequency Analysis:

B Filtering

B Noise Removal

B Signal/lmage Analysis

B Simple implementation of Convolution
B Audio and Image Effects Processing.

B Signal/lmage Restoration — e.g. Deblurring
B Signal/Image Compression — MPEG (Audio
and Video), JPEG use related techniques.

B Many more ......



1D Audio Example

Lets consider a 1D (e.g. Audio) example to see what the different domains mean:

Consider a complicated sound such as the a chord played on a piano or a guitar.

We can describe this sound in two related ways:

Temporal Domain : Sample the amplitude of the sound many times a second, which
gives an approximation to the sound as a function of time.

Frequency Domain : Analyse the sound in terms of the pitches of the notes, or

frequencies, which make the sound up, recording the amplitude

of each frequency.
Fundamental Frequencies

= 1;1, Dp : 554 .40H=z
i F : 6908 48Hz
= Ab : 830.64Hz
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plus harmonics/partial frequencies ....



B A 200Hz digital signal (square(ish) wave) may be a composed of 200, 600, 1000, etc. sinusoidal signals

which sum to give:
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Perceptable sound intensity range 0~120dB
- Most important 10~100dB
Perceptable frequency range 20Hz~20KHz
Humans most sensitive to low frequencies
- Most important region is 2 kHz to 4 kHz
Hearing dependent on room and environment
Sounds masked by overlapping sounds
Speech is a complex waveform
- Vowels (a,i,11,e,0) and bass sounds are low frequencies
- Consonants (s,sh.k.t,...) are high frequencies



« For example, audio
acquired by a
microphone

— Qutput voltage x(7)
where ¢ is time
(continuous) and
x(t) 1S a real number

— One dimensional
function

— Called electronic
sound wave or
sound signal

x(1):
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m Microphone:
m Receives sound
m Converts to analog signal.

m Computer like discrete entities

Need to convert Analog-to-Digital — Dedicated
Hardware (e.g. Soundcard)

Also known as Digital Sampling




Bit Size — Quantisation

How do we store each sample value (Quantisation)?

8 Bit Value (0-255)
16 Bit Value (Integer) (0-65535)

Sample Rate

How many Samples to take?
11.025 KHz — Speech (Telephone 8 KHz)

22.05 KHz — Low Grade Audio
(WWW Audio, AM Radio)

44.1 KHz — CD Quality






