Lesson 7: Graphs

· Most sounds nowadays are stored digitally.

· First, sound is converted to electrical current using a microphone. Continuous oscillations of air pressure become continuous oscillations of voltage in an electrical circuit. This fast-changing voltage is then converted into a series of numbers by a digitizer. A digitizer acts like a very fast digital voltmeter. It makes thousands of measurements per second. Each measurement results in a number that can be stored digitally (that is, only a finite number of significant digits of this number are recorded). This number is called a sample and the whole conversion of sound to a series of numbers is called sampling.

· If you have a sound card in your computer, it has a digitizer. If you plug in a microphone, the sound card will produce a stream of samples that can be retrieved by your software.

    LOUDNESS 

· The intensity of a sound is proportional to the square of the amplitude of the sound wave. (i = ka2)

· Loudness is measured in decibels (dB) 

·   1                        10                       100                     1000

· The decibel scale is logarithmic, increasing by factors of 10

Lesson 7: Graphs

· We now arrive at what is probably the single most important concept for understanding both hearing and speech acoustics.  The graphs that we have used up to this point for representing either vibratory motion or the air pressure disturbance created by this motion are called time domain representations. These graphs show how instantaneous displacement (or instantaneous air pressure) varies over time. 

· Another method for representing either sound or vibration is called a frequency domain representation, also known as a spectrum. There are, in fact, two kinds of frequency domain representations that are used to characterize sound. One is called an amplitude spectrum and the other is called a phase spectrum.  

· The amplitude spectrum is by far the more important of the two. An amplitude spectrum is simply a graph showing what frequencies are present with what amplitudes. Frequency is given along the x axis and some measure of amplitude is given on the y axis. A phase spectrum is a graph showing what frequencies are present with what phases.

· X-axis is horizontal axis and is the independent factor

· Y-axis is the horizontal axis and is the dependent factor

Lesson 7: Graphs

· The system for representing phase treats one cycle of the vibratory pattern as a circle, consisting of 360. A pattern that begins at zero amplitude heading toward positive values (i.e., heading upward) is designated 0 phase; a waveform that begins at maximum positive displacement and shows its initial movement downward has a phase of 90. 

· A waveform that begins at zero and heads downward has a phase of 180; and a waveform that begins at maximum negative displacement and shows its initial movement upward has a phase of 270. The four phase angles that are shown above are just examples. An infinite variety of phase angles are possible.

Phase Spectrum
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Phase Spectrum

Four vibratory patterns that differ in phase.  
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· The next figure is a time and frequency domain representations of three sinusoids. 
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· The frequency domain consists of two graphs: an amplitude spectrum and a phase spectrum. 

· An amplitude spectrum is a graph showing what frequencies are present with what amplitudes.

· A phase spectrum is a graph showing the phases of each frequency component.

Lesson 7: Graphs

· The next figure shows several examples of complex periodic signals, along with the amplitude spectra for these signals. The time required to complete one cycle of the complex pattern is called the fundamental period. 

· This is precisely the same concept as the term period that was introduced earlier. The only reason for using the term "fundamental period" instead of the simpler term "period" for complex periodic signals is to differentiate the fundamental period (the time required to complete one cycle of the pattern as a whole) from other periods that may be present in the signal (e.g., more rapid oscillations that might be observed within each cycle). 

Complex Periodic Sounds
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Lesson 7: Graphs

· The symbol for fundamental period is to. Fundamental frequency (fo) is calculated from fundamental period using the same kind of formula that we used earlier for sinusoids:

· 
fo = 1/to

· The signal in the next figure has a fundamental period of 5 ms, 

· So   fo = 1/0.005 = 200 Hz.

Lesson 7: Graphs

· Examination of the amplitude spectra of the signals in the figure confirms that they do, in fact, consist of more than a single frequency.

·  In fact, complex periodic signals show a very particular kind of amplitude spectrum called a harmonic spectrum.

·  A harmonic spectrum shows energy at the fundamental frequency and at whole number multiples of the fundamental frequency.  For example, the signal in the top panel of the figure has energy present at 200 Hz, 400 Hz, 600 Hz, 800 Hz, 1,000 Hz, 1200 Hz, and so on. 

Lesson 7: Graphs

· Each frequency component in the amplitude spectrum of a complex periodic signal is called a harmonic.

· The fundamental frequency, in this case 200 Hz, is also called the first harmonic, the 400 Hz component (2 × fo) is called the second harmonic, the 600 Hz component (3 × fo) is called the third harmonic, and so on. 

Lesson 7: Graphs

· The second panel in the figure shows a complex periodic signal with a fundamental period of 10 ms and, consequently, a fundamental frequency of 100 Hz. The harmonic spectrum that is associated with this signal will therefore show energy at 100 Hz, 200 Hz, 300 Hz, 400 Hz, 500 Hz, and so on. 

· The bottom panel of the figure shows a complex periodic signal with a fundamental period of 2.5 ms, a fundamental frequency of 400 Hz, and harmonics at 400, 800, 1200, 1600, and so on.

Lesson 7: Graphs

· Notice that there two completely interchangeable ways to define the term fundamental frequency. In the time domain, the fundamental frequency is the number of cycles of the complex pattern that are completed in one second. In the frequency domain the fundamental frequency is the lowest harmonic in the harmonic spectrum. 

· Also, the fundamental frequency defines the harmonic spacing; that is, when the fundamental frequency is 100 Hz, harmonics will be spaced at 100 Hz intervals (i.e., 100, 200, 300 ...), when the fundamental frequency is 125 Hz, harmonics will be spaced at 125 Hz intervals (i.e., 125, 250, 375...), 

Lesson 7: Graphs

· and when the fundamental frequency is 200 Hz, harmonics will be spaced at 200 Hz intervals (i.e., 200, 400, 600 ...). 

·  So, when fo is low, harmonics will be closely spaced, and when fo is high, harmonics will be widely spaced. This is clearly seen in the figure the signal with the lowest f0 (100 Hz, the middle signal) shows the narrowest harmonic spacing, while the signal with the highest f0 (400 Hz, the bottom signal) shows the widest harmonic spacing. 


Complex Periodic Sound
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Lesson 7: Graphs

· Aperiodic sound is any sound that does not show a repeating pattern in its time domain representation. There are many aperiodic sounds in speech. Examples include the hissy sounds associated with fricatives such as /f/ and /s/, and the various hisses and pops associated with articulatory release for the stop consonants /b,d,g,p,t,k/. 

· Examples of non-speech aperiodic sounds include a drummer's cymbal, the hiss produced by a bad radiator, and static sound produced by a poorly tuned radio. 


Lesson 7: Graphs

· There are two types of aperiodic sounds: 

   (1) continuous aperiodic sounds (also known as noise) and (2) transients. Although there is no sharp cutoff, the distinction between continuous aperiodic sounds and transients is based on duration. Transients (also "pops" and "clicks") are defined by their very brief duration, and continuous aperiodic sounds are of longer duration. 

· The figure shows several examples of time domain representations and amplitude spectra for continuous aperiodic sounds. The lack of periodicity in the time domain is quite evident; that is, unlike the periodic sounds we have seen, there is no pattern that repeats itself over time. 


Lesson 7: Graphs

· All aperiodic sounds -- both continuous and transient -- are complex in the sense that they always consist of energy at more than one frequency. 

· The characteristic feature of aperiodic sounds in the frequency domain is a dense or continuous spectrum, which stands in contrast to the harmonic spectrum that is associated with complex periodic sounds. 

· In a harmonic spectrum, there is energy at the fundamental frequency, followed by a gap with little or no energy, followed by energy at the second harmonic, followed by another gap, and so on. 

Lesson 7: Graphs

· The top panel in the figure shows a specific type of continuous aperiodic sound called white noise. By analogy to white light, white noise has a flat amplitude spectrum; that is, approximately equal amplitude at all frequencies. 

· The middle panel in the figure shows the sound /s/, and the bottom panel shows the sound /f/. Notice that the spectra for all three sounds are dense; that is, they do not show the "picket fence" look that reveals harmonic structure. 

Complex Aperiodic Sounds Continuous
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Complex Aperiodic Sounds Transient
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Noise
Sound with great irregularity in the wave form

Unwanted sound

Usually aperiodic sound
Noise – White
All frequencies represented at equal intensities

Flat Spectrum (Spectrum = amount of energy among the component frequencies of a vibratory phenomena)
Noise – White
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Noise – Narrow Band
Narrow band noise is white noise which has been band-pass filtered such that only a narrow band of frequencies surrounding some center frequency is presented

The center frequencies are typically audiometric frequencies

Excellent for masking pure tones
Noise – Narrow Band

[image: image9.emf]Noise – Narrow Band

dB

Frequency in Hertz (Hz)

8k

4k 2k 1k .5k .25k 16k

d 

B 

 

S 

P 

L

I 

n 

t 

e 

n 

s 

i 

t 

y 

 

I 

n


Lesson 7: Graphs

· There are certain characteristics of the spectra of complex sounds that can be determined by making simple measurements of the time domain signal, and there are certain other characteristics that require a more complex analysis. 

· For example, simply by examining the signal we can determine if it is complex periodic or aperiodic. But how do we know the amplitude and phase of the signal ?

Fourier Analysis

· Fourier analysis is an extremely powerful tool that has widespread applications in nearly every major branch of physics and engineering. The method was developed by the 19th century mathematician Joseph Fourier. 

· A signal enters a Fourier analyzer in the time domain and exits in the frequency domain. As outputs, the Fourier analyzer produces two frequency-domain representations: an amplitude spectrum that shows the amplitude of each sinusoidal component that is present in the input signal, and a phase spectrum that shows the phase of each of the sinusoids. 
Fourier Analysis
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